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“By visualizing information, we turn it into a landscape that you can explore with your
eyes, a sort of information map. And when you’re lost in information, an information map is
kind of useful.”
David McCandless
Abstract
Visualisation is a graphical representation that is used to aid understanding and gain insight
into information. Similarly, visualising arguments can help people to explore argument
structure and comprehend knowledge associated with tough problems.
In this thesis, we focus on representing arguments, especially when data size increase,
which causes difficulty in exploring and understanding arguments. A fundamental problem
from an argument perspective is that understanding argument requires users to understand the
overview, read the content of arguments, and recognise how the arguments support, compete,
and conflict with each other. Applying information visualisation techniques or combination
between them in an argumentation domain can improve the navigation and exploration in
argument data.
The main contribution of this thesis is proposing various visualisation approaches for
gaining insights on argument data and helping experts to understand arguments. Based on
collected user requirements, the work presents several prototypes that provide an overview of
arguments while giving users the ability to read the argument text. To compare and evaluate
our proposed techniques and tools, a controlled user study and interviews with argument
experts are conducted. The collected qualitative and quantitative results are thoroughly
analysed using relevant statistical tests.
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Chapter 1
Introduction
Argumentation is a process in which the arguer seeks to justify or refute a standpoint
by providing reasons for or against a position. Arguments are statements that include a
conclusion, often referred to as a claim, and a collection of premises that work together to
support or oppose the conclusion [1]. Arguments are a common human activity, and their
use is studied in many domains, such as in education to improve critical thinking, in social
media to understand people’s thinking, in law to better understand cases, in politics to deliver
opinions on new issues to voters, and in business to attract and satisfy customers.
Argument mapping is used to diagram the structure of argument and move from a purely
linguistic expression to visualisation. This commonly occurs in the form of box and arrow
diagrams [2]. Argument analysis tools implement argument mapping and aim to make the
structure of the argument being studied more apparent to the viewer. Whilst traditionally a
manual human activity, argument analysis is increasingly being automated using computers,
a process is known as ‘Argument Mining’.
Argument visualisation (ArgVis) is used to explore relations between argument elements
(premises and conclusion) and help in reading their contents. Different visualisation ap-
proaches are used in argumentation, some to help experts/analysts find relevant information
and share ideas, and others to track the relationships between arguments and detect patterns
within their structure. ArgVis techniques and tools present arguments utilising a combination
of text, symbols, and boxes. Figure 1.1 illustrates the steps of argument analysis from the
original text through to ArgVis. Compared with the text that the arguments originated in,
ArgVis provides the reader with a general view of the topics raised and shows the relations be-
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tween the argument elements. Also, it helps people to explore and understand these datasets
so they can make a decision regarding the topic of the argument. For example, healthcare
professionals and policymakers in 2015 tried to understand the factors behinds the increase
in obesity rates in the UK [3]. They were overwhelmed by the amount of the collected data
they needed to study and analyse. They used an ArgVis tool called DebateGraph [4] to help
unravel the complexity of the data and find solutions to tackle the obesity pandemic. Using
DebateGraph assisted them in presenting the data related to the obesity issues and exploring
the relations between the argument elements. Another example is the investigation of the
ethical aspects of deploying and researching into climate engineering [5]. ArgVis was used to
present an overview of moral reasons in favour of or oppose taking certain action or policies
related to climate engineering.
 
Premise1  
Premise2 
conclusion 
Premise5 
Premise3 
Premise4 
Text Argument analysis/ Argument mining  
Premise1  
Premise2 
conclusion 
Premise5 
Premise3 
Premise4 
Argument visualisation   
Overview    
 
Explore and read text    
Figure 1.1 The steps for extracting and discovering the arguments from text (argument mining or
argument analysis), followed by ArgVis to present the structure and explore arguments.
The structure of this Chapter is as follows. First, the research aims are elaborated,
followed by an outline of the research questions. Second, the contributions of this research
are presented. Finally, this Chapter concludes with an overview of the thesis structure.
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1.1 Research Aim and Questions
These datasets are related to various domains and issues that are increasingly crucial and
important in our lives, such as obesity and climate change. Understanding these datasets
requires exploring how argument elements are connected to each other, reading the content,
and recognising how the argument elements support and oppose others. Satisfying these
requirements create challenges in ArgVis, particularly as the size of datasets, is increasing.
With the advent of argumentation mining technologies and an increased focus on argumenta-
tive analysis, datasets can easily exceed a hundred argument elements. Whilst these are not
“big datasets” in absolute terms, the argumentative structure has specific features that mean
that the complexity of the dataset does not appear to scale linearly with size. The increasing
demand for tools that help to investigate argument data in different domains is a driving force
to develop ArgVis techniques and tools [6].
This research focuses on ArgVis to help experts understand arguments by achieving a
balance between presenting an overview of the argument structure and providing legible text
for the details of the argument elements when the number of argument elements exceeds a
hundred. From that, our research questions are:
Q1 Which visualisation techniques should be deployed to provide an overview of arguments
structure?
Q2 How can visualisation techniques help to provide legible text for reading argument
contents while still providing an overview of structure?
To address these research questions, novel techniques are investigated, developed, and
evaluated to help in reading the argument contents. Additionally, tools are implemented to
accomplish the balance between the overview of argument structure, and legible text can be
accomplished.
1.2 Contributions
This research aims to help argument experts explore and understand arguments. The focus of
this research is the visualisation of arguments, in particular, how an effective overview of
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arguments structure can be provided while simultaneously providing legible text for reading
the details of the arguments when the argument dataset exceeds a hundred elements.
The main contribution of this research is a hybrid novel tool called Argument Visualisation
Tool AVT . This tool aims to help argument experts to understand and explore arguments by
providing an overview of arguments structure with a technique to quickly navigate the text in
one view while allowing the experts to read the argument content in another coordinated view.
As part of this research, the following techniques and tools are developed and evaluated.
(a) StackedBoxes tool: a coordinated view between a novel stacked-boxes technique and
a sunburst layout. Stacked-boxes focus on the text with features for fast navigation,
while the miniature sunburst provides an overview.
(b) Sunburst Pop-Up tool: an integrated view between the sunburst layout that shows the
overview of arguments structure while a novel stacked-labels technique helps in reading
and navigating a text. When users hover over the sunburst, the stacked-labels shows the
nodes from the root to the hovered node, allowing users to read the argument contents.
(c) Icicle F+C tool: an integrated view between the icicle plot that visualises the structure of
arguments and focus and context (F+C) technique that helps to read a text by enlarging
the parents of the focused node, as well as all the focused node’s children.
1.3 Overview of the Thesis
The rest of this thesis is organised as follows:
Chapter 2 introduces argumentation and highlights the importance of arguments in
different domains, like law and education. Then, argument structures are discussed, followed
by a review of widely used argument models, supported by an example.
Chapter 3 presents a review of the literature related to various aspects of this thesis. First,
information visualisation (InfoVis) is defined, and the visual representation techniques for
graphs are discussed. The layouts and visual techniques used to present long text and help to
improve legibility are described. After that, a review of user interaction techniques that can
help in providing both details and overview of argument data is provided. Finally, a review
of the limitations in existing ArgVis tools and the challenges to be addressed are presented.
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Chapter 4 presents the designing of argument visualisation tools and techniques. To
understand the domain problem(s), argument experts are interviewed. During the interviews,
the difficulties and obstacles the experts faced upon using existing ArgVis tools are discussed,
along with their main requirements. To satisfy these requirements, a Sunburst Node-Link
tool is proposed. Reflecting on the pros and cons of this tool, three novel tools for presenting
argument data are designed and implemented; namely, StackedBoxes, Sunburst Pop-Up, and
Icicle F+C.
Chapter 5 presents an evaluation of the proposed tools in two stages. The first evaluation
is a controlled user study to collect quantitative data, i.e. time and errors, and qualitative data
about the tools. The second evaluation is an expert review. A hybrid tool (AVT) is deployed
to satisfy experts’ feedback.
Chapter 6 summarises the contributions of this thesis, discusses the limitations of the
work, and outlines several promising directions for future work.
Chapter 2
Argumentation Background
Argumentation is a valuable skill in life, which aims to justify or refute the standpoint of
someone by providing strong reasons for or against a position. People convince others to
agree with their views by offering justification and reasoning [7].
In this Chapter, the use of arguments in various domains is introduced, and argument structure
and commonly used argument data models are reviewed. Finally, tools that are widely used
in the literature to analyse and map arguments are surveyed.
2.1 Argumentation
In this section, the differences between argument in monologues and dialogues are introduced.
Then, the importance of arguments in diverse domains such as education, law, and social
media are reviewed.
Arguments are a structure of many statements called premises that offer the reasons for a
conclusion or a claim. The study of argumentation not only attempts to identify these parts of
an argument, but also the relationships between premises and conclusion [1]. Arguments can
be found in both monologues and dialogues. A monologue is a speech that a person delivers
to express inner thoughts. The monologue aims to change the beliefs of the listener or evoke
feelings in the audience [8]. An example of a monologue would be, Mary tried to justify her
choices by saying:
“I am going to marry Sean. He is handsome, brilliant and incredibly rich” [9].
Chapter 2: Argumentation Background 7
Dialogue is a communication between two or more persons such as discussion, debate,
or quarrels [10]. The example below is a discussion between two persons [10]:
(1) Allen: “The Evanston City Council should make it illegal to tear down the city’s old
warehouses.”
(2) Beth: “What’s the justification for preserving them?”
(3) Allen: “The warehouses are valuable architecturally.”
(4) Beth: “Why are they so valuable?”
(5) Allen: “The older buildings lend the town its distinctive character.”
There are similar features between monologues and dialogues, such as argument structure
and the dominance of listener beliefs in guiding the presentation of information [11]. O’Keefe
highlighted the difference between monologue and dialogue as the former is structured to
support a case, while the latter is structured to cause active dispute [10].
Arguments are applied in different domains to achieve various objectives. For example, in
learning and education, students try to be logical and reasonable; they strive to improve their
skills in arguing to convince others of their opinions and ideas. Students think critically and
independently about essential issues and contest values by using arguments. Argumentation
in education and science is a collaborative discussion between two or more parties to find
agreement or solve an issue [12], [13, Chapter 3]. Argumentation helps learners think deeply,
provide reasoning for their thoughts, develop their collaborative ability, and share their ideas.
In law, criminals and prosecutors argue to prove who is guilty. Using argument supports
criminal investigators and lawyers to express their reasoning about the case and provide
evidence [14]. Finally, arguments are used in social media where users can debate, express
their opinion, vote on issues shared between them, and convince others with their ideas and
viewpoints [15], such as in Climate CoLab1 and CreateDebate 2. Humanity faces many
problems that concern people such as climate change, famine, and war where discussion and
collaboration can help lead to solutions to the problem [16], [13, Chapter 3]. In addition,
1http://climatecolab.org/
2http://www.createdebate.com/
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argumentation plays a role in research such as artificial intelligence and automation reasoning
where arguments are used for handling conflicting information, viewpoints, or opinions.
2.2 Argument Structure
An argument consists of a claim or conclusion (C) and a set of premises (Ps) that support
or oppose that conclusion. The way that premises and conclusions are connected with
each other to form the argument is called the argument structure [17]. In this section, the
argument structure that describes how an argument elements can be connected to each other
is introduced.
There are three ways in which premises can be connected to a conclusion and each
has a standard diagrammatic representation; i) convergent, ii) linked, and iii) divergent
arguments. In convergent arguments, the premises are connected to the conclusion with each
premise independently supporting the conclusion, as shown in Figure 2.1 (similar to a logical
OR). In linked arguments, as illustrated in Figure 2.2, the premises work only together to
jointly support the conclusion (similar to the logical AND). In divergent arguments, a premise
supports multiple different conclusions, as shown in Figure 2.3. Note that in the case of both
convergent and divergent arguments, the argument can be split into individual arguments [1].
Individual arguments may also be chained together, with the conclusion of one argument
acting as the premise of another, yielding large and complex structure of arguments.
2.3 Models of Argument Structure
To understand arguments, their elements and the relations between them, several models have
been developed that structure the arguments using maps. In the following, popular models
in the literature are reviewed, i.e. Standard, Wigmore, Toulmin, Issue-Based Information
Systems (IBIS), and Argument Interchange Format (AIF). An example is presented here and
interpreted into all of the models to help understand the difference between them. Some
models use labels near argument elements to distinguish between them.
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(b)
Figure 2.1 Standard argument structures: (a) two for s of convergent argu ent; on the left, the
premises “P1” and “P2” are connected to the conclusion “C” with each premise independently
supports the conclusion “C”. As converging argument can be considered independently, the convergent
argument can be treated as two separate arguments as shown in the right-hand portion of (a); (b) an
example of a convergent argument.
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(b)
Figure 2.2 Standard argument structures: (a) linked argument where the premises “P1” and “P2”
work together to support the conclusion “C”; (b) an example of linked argument.
2.3.1 Standard Model
The Standard model is a simple argument model [18], which is a combination of the basic
argument structures mentioned in section 2.2. This model is used in philosophy and critical
thinking [1]. Figure 2.4 shows an example of the Standard model where the conclusion
is located at the top of the map while the other nodes are the premises [18]. The linked
arguments, illustrated in Figure 2.4, are related to each other by a horizontal line and converge
to an arrow to another box. Rebuttals are premises that attack the conclusion. An example of
a rebuttal is drawn in Figure 2.4 using the grey box on the left.
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Figure 2.3 Standard argument structures: (a) two forms of divergent argument, on the left a premise
“P” supports multiple different conclusions “C1” and “C2” or argument can be split into individual
arguments as on the right ; (b) an example of divergent argument.
 
 
The college has 
recently incurred vast 
additional expenses. 
Tuition must be increased 
Tuition has been in the past 
and is likely to continue to 
be the principal means by 
which the college pays its 
expenses. 
Over the last 40 years, 
each time the college 
incurred large expenses it 
raised tuition. 
Unless the college 
manages to secure 
private donations. 
Figure 2.4 An example of the Standard model. The conclusion is at the top of the model, and all
the other nodes are premises. The linked arguments are linked to each other by a horizontal line and
converge to an arrow to conclusion.
2.3.2 Wigmore Chart
The Wigmore chart is a unique and complex model that consists of many shapes, symbols,
numbers and lines [19]. Lines represent the relations between arguments, while shapes
display the facts or evidence which is drawn as a tree. It is used to visualise and model legal
evidence arguments [20]. Evidence in the Wigmore chart is offered from the prosecution or
defence and can be classified into the following types [19]:
Chapter 2: Argumentation Background 11
- Testimonials where square shapes represent the facts provided by the witnesses.
- Circles denote circumstantial evidence that represents all other facts.
- Corroborative evidence is presented as a triangle that supports testimonial or circumstantial
evidence.
Figure 2.5 illustrates an example of a Wigmore chart which is translated from the same
example shown in Figure 2.4. The rebuttal in Wigmore is presented with a node that has a
small circle on the connected line [21].
The Wigmore chart is a rich model that includes a lot of shapes and symbols, and every
chart comes with a "key list" that explains each box and number. However, the Wigmore chart
is complicated and using it effectively requires learning its shapes and symbols. Consequently,
it is a significant investment for experts and can be too complicated for amateur users [22].
 
1. Sally is British   
2. She has a British passport  
3. A person born in a British will be a British citizen 
4. British oversea Territories Act 2002 
5. Sally was born in Bermuda 
6. Sally’s parents testify that she was born in Bermuda 
7. Sally’s parents’ testimony could be biased 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Tuition must be increased. 
2. The college has recently incurred vast additional expenses. 
3. Tuition has been in the past, and is likely to continue to be, the principal 
means by which the college pays its expenses. 
4. Over the last 40 years, each time the college incurred large expenses it 
raised tuition. 
5. Unless the college manages to secure private donations. 
 
 
 
 
1 2 
4 
5 
3 
Figure 2.5 An example of the Wigmore chart with a list to clarify the statements associated with the
number in the chart.
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2.3.3 Toulmin Model
The Toulmin model expresses the structure of an argument based on Data, Claim, and
Warrant [23]. The Data (premise) is the statement that expresses the evidence or the fact.
The Claim (conclusion) is the statement that people are arguing about. The statement that
supports the bridge between the Data and the Claim is called a Warrant (premise). When
the Warrant is not supportive enough, another statement called Backing (premise) can be
provided. A Rebuttal (premise) attacks the Claim, while the qualifier is a set of words or a
phrase expressing how certain the author/speaker is concerning the Claim. The same example
above is represented in the Toulmin model [21], as shown in Figure 2.6.
The Toulmin model provides a useful collection of elements to describe the aspect of
argumentative practice. According to Eemeren et al. [24], it is difficult to distinguish between
Data and Warrant as both support the Claim with no hint to recognise between them.
The college has recently incurred vast additional expenses. Tuition must be increased.  Tuition has 
been in the past and is likely to continue to be the principal means by which the college pays its 
expenses. Over the last 40 years, each time the college incurred large expenses it raised tuition 
unless the college manages to secure private donations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The college has recently 
incurred vast additional 
expenses. 
Tuition must be 
increased. 
Data Claim 
Tuition has been in the 
past, and is likely to 
continue to be, the 
principal means by 
which the college pays 
its expenses. 
Over the last 40 years, 
each time the college 
incurred large 
expenses it raised 
tuition. 
Unless the college 
manages to secure 
private donations. 
 
Warrant Rebuttal 
Backing 
Figure 2.6 illustrates and integrates the elements of argument identified by Toulmin [23]. These
include Claim, Data, Warrant, Rebuttal and Backing.
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2.3.4 IBIS
IBIS is used to identify ill-defined problems and help users discuss various issues related to
these problems to reach a better solution [25]. The IBIS model consists of three elements.
First, issues that reflect a problem or a question that needs to be answered. Second, positions
or ideas that express the solution. Third, arguments which support or oppose the ideas. Fig-
ure 2.7 depicts the same example used in the previous models. IBIS may seem simple, and
it has a structural coherence to reflect the problem-solving discussion [26]. However, IBIS
is hard to learn as it over-splits ideas, sometimes resulting in the big picture being lost in a
morass of issues, ideas and arguments [27]. In addition, it does not show linked arguments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Issues or Questions 
  
How should college deal with 
its expenses?  
Tuition has been in the past, 
and is likely to continue to 
be, the principal means by 
which the college pays its 
expenses. 
   
Unless the 
college manages 
to secure private 
donations. 
   
Oppose  argument 
Support argument 
Tuition must be increased Positions or Ideas 
Over the last 40 years, each 
time the college incurred 
large expenses it raised 
tuition. 
Support argument 
The college has 
recently incurred vast 
additional expenses. 
   
Support argument 
Figure 2.7 An example of the IBIS model with the main elements of the model which are the question,
position to answer the question, and support or oppose arguments.
2.3.5 AIF
AIF is an international argument format that allows an exchange of arguments resources
between argument tools. It consists of three main concepts [28]. The first explains the
ontology of the argument entities and the relations between them. The second is about the
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ontology of the communication protocol. The third is the ontology of an environment where
the argument takes place. AIF uses nodes and edges to present the entities of the arguments,
and the nodes have two types, information and schema. Information nodes, also called
I-nodes, present argument elements such as conclusion and premises. Schema nodes, i.e.
S-nodes, reflect the pattern of reasoning and have three types; inference schema (RA-node),
preference schema (PA-node), and conflict schema (CA-node) [29]. AIF accounts for only
monological arguments. However, it has been extended to include a dialogue between two or
more users in AIF+ [30].
All the nodes in the previous example (Figure 2.4) are presented as I-nodes in AIF
using boxes [31] while S-nodes, denoted as diamonds, reflect the relations (support/oppose)
between the I-nodes as shown in Figure 2.8.
Translating between the models is not always an easy process; each model has its
own elements and its method of connecting these elements to each other. Thus, many
interpretations from one model to another can be found [21], [32]. AIF is designed in
a way that can be extended to capture a variety of argumentation models. For example,
Carneades [33] is an argument tool for legal reasoning that has a data model called Carneades
Argument Graphs (CAG). CAG translates into AIF, which allows users to interchange with
any system that is compatible with AIF, like Araucaria [34] and Rationale [35]. These
exchanges break down the barriers between argument domains. Other examples of mapping
arguments from argumentation models into AIF and vice versa can be found in Oren et
al. [32]. AIF provides a flexible, rich model for manipulation and representing argumentation
structure [36], and thus, is adopted in this research to describe the data structure.
2.4 Argument Analysis and Mapping
Argument mapping is a way of diagramming the structure of arguments [37], that is used
to enhance users’ reasoning skills. Gelder studied the effect of using argument maps, and
the results showed improvement in argument reasoning and thinking skills [38]. Dwyer et
al. [39] compared graphical argumentation tools (argument map) with textual tools and found
that students who used graphical tools could better recall argument elements than those who
employed textual ones. Furthermore, Dwyer et al. [40] found that the students who used
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Tuition must be 
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RA 
Figure 2.8 An example of the AIF model. The information nodes (argument elements) are presented
using the rectangles, and the schema nodes (relations between the information nodes) are displayed
using diamonds.
argument mapping scored higher in their critical thinking post-test than pre-test. Ortiz [41]
found that students who took critical thinking courses and used argument maps improved
their ability in critical thinking. Argument mapping is also used to support analysis. For
example, Betz and Cacean [5] used argument maps to analyse the moral reasons for climate
change; these argument maps provide an overview of the data and help to structure complex
debates.
Argument analysis extracts the arguments and makes the relations between argument
elements explicit. It takes text as an input, extracts debate and arguments, and determines
how the arguments of different proponents relate to each other. The process of extracting
arguments from text can be summarised, as shown in Figure 2.9, into the following steps [42]:
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1. Identify individual arguments
2. Distinguish premises and a conclusion
3. Determine the structure of the argument
4. Represent arguments
Extracting arguments from text is a complicated process as in many situations, the
premises and conclusion do not follow each other but are spread across multiple lines, which
makes it challenging to identify them in the text. Also, it is difficult to determine the relations
between them as they do not have a special linguistic mark in most arguments [43]. Another
difficulty is incomplete arguments, where the premises or conclusion are implicit, which can
only be solved by supplying the premises or a conclusion.
 
Step 1 
Arg1 
Arg2 
Arg3 
Step 2 
 
P2 P1 
C1 
       P1  P2 C1 P3 
Arg1 
P3 
Step 4 
P5 P4    C2 
Arg2 
P7 P6 C3 
Arg3 
Arg1 
P1 Support C1 
P2 Support C1 
P3 Support C1 
 
Arg2 
P5 Support C2 
P4 Support C2 
 
Arg3 
P6 Support C3 
P7 Support C3 
 P4 
C2 
P5 P7 
C3 
P6 
Arg2 Arg1 Arg3 
Argument (Arg) 
Premise (P) 
Conclusion (C) 
Figure 2.9 Argument analysis steps. Step 1, all the arguments in the text are recognised. Step 2,
different argument elements, premises and conclusions, are distinguished. Step 3, the relationships
between the argument elements are defined. Step 4, argument elements are visualised and connected.
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Argument analysis tools help users to analyse arguments from text such as Araucaria [34],
an open-source tool. Users can structure and represent the arguments using Standard,
Wigmore and Toulmin models that are embedded in Araucaria. Users can then select a specific
part of the text, which is located on the left of the interface, as illustrated in Figure 2.10. Upon
selecting the text, users can create nodes and links between them to shape the argument map.
Araucaria version 4 allows the user to create and edit an AIF model [44]. Other examples for
argument analysis tools are Online Visualisation of Argument (OVA) and MonkeyPuzzle.
The former is similar to Araucaria except that it is designed to extract arguments from web
pages [45]. MonkeyPuzzle is a new tool with a similar user interface to Araucaria as both
have the text and visualisation panels, but MonkeyPuzzle adds the possibility to annotate and
analyse arguments from multiple sources [46].
Most argumentation tools use maps to visualise argument structure and help analysts to
understand how argument elements are connected with each other. Nowadays, argument
analysis and argument mining tools are automated to handle large volumes of text [47], [48].
Different techniques and layouts [49], [50] are designed to visualise argument datasets.
Understanding arguments requires first to have a macro-structure, i.e. to see the overview of
the whole argument. Second is a micro-structure that involves exploring the internal structure
of argument elements [42]. Third is the ability to read the text of the argument elements [51].
These requirements create challenges in ArgVis, which will be discussed in the following
Chapter by reviewing ArgVis tools and highlighting the pitfalls with respect to achieving
these requirements.
2.5 Summary
In this Chapter, arguments in monologues and dialogues were defined, and the importance of
arguments in different domains, like law and education, was introduced. Argument structures
were reviewed to understand the way that premises and conclusion connect, and widely used
argument models were introduced supported by examples. The reviewed models were the
Standard that uses a linked, divergent and convergent argument structure, Wigmore chart
(legal domain), Toulmin (critical thinking), IBIS (ill-defined problems), and AIF. Argument
analysis tools, tools that use argument maps to help experts present an argument structure
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Figure 2.10 Araucaria user interface: the text panel is on the left side of the interface, and the
visualisation panel is on the right [34]. The presented nodes in visualisation are highlighted in the text
panel.
and make it explicit, were reviewed. The requirements of understanding arguments were
discussed.
In the following Chapter, InfoVis is introduced with a focus on the visual representation
of trees and networks, and the pros and cons of each layout. Then, existing ArgVis tools are
surveyed, and their layouts are categorised into the indentation, node-link, nested, matrix,
and hybrid ones summarising their advantages and limitations. After that, the challenges in
ArgVis are highlighted. Finally, the design and validation methods are reviewed to help in
designing and improving ArgVis tools.
Chapter 3
Information Visualisation and Argument
Visualisation makes argument structure easier to interpret compared to textual representations
and reduces the cognitive load required to recognise instances of a certain element [52].
Visual representations offer a better understanding of arguments. Therefore, visualisation
layouts for graphs are reviewed to investigate promising layouts that can be used to visualise
the arguments. Moreover, using interactivity in visualisation tools allows users to explore
and check further details about the visualised data. The key requirements for understanding
arguments that should be considered in designing ArgVis tools, as discussed in section 2.4,
are:
K1 having an overview of the argument dataset to understand how premises and conclu-
sions connect with each other.
K2 recognise the patterns of relationships between argument elements, e.g. support and
oppose relationships.
K3 reading the text of argument elements.
Interaction techniques for overview and exploring fine details, e.g. overview and zoom,
focus and context, details on demand, are surveyed to investigate which techniques are better
to achieve K1 and K2. Besides, the methods used to explore the text and read argument
contents in the literature, e.g. labelling, are discussed (K3).
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3.1 Information Visualisation
Using computer systems allows us to store and collect massive amounts of data that are
difficult to manage and interpret manually. Therefore, the demand for computer tools that
enable users to manage data effectively has grown rapidly in recent decades. Visualisation
provides users with an interactive representation that makes complex data readable and
understandable. Information visualisation (InfoVis) can be defined as “the use of computer-
supported, interactive, visual representations of data to amplify cognition” [52, p. 6]. InfoVis
helps users obtain knowledge about the internal structure of the data and the embedded
relationships [53].
In the following sections, different graphical representations for trees and networks are
reviewed. Then, techniques for visualising long text, e.g. email and conversation, in the
literature are explored [54]. Furthermore, user interaction techniques that help in achieving a
balance between overview and details are investigated.
3.1.1 Visual Representation of graphs
A graph consists of two elements, nodes and edges, where nodes are connected by edges, i.e.
links [55], and a path is a sequence of links that connect the nodes. Edges with a specific
direction define a directed graph; otherwise, the graph is undirected. A graph can be cyclic if
it contains a closed path between the nodes, i.e. a path starts and ends with the same node.
Both nodes and edges can have attributes; a node has a degree that measures the number
of links connected to it, and an edge can have a numerical value, weight, that refers to the
distance between two nodes. A network is a directed graph, while a graph without a cycle is
called a tree [56]. Different representations for tree and network layouts are discussed below
and illustrated in Figure 3.1.
There are three visual representations for networks, namely, node-link, matrix, and
hybrid [57]. In node-link, nodes are presented as point marks and links are drawn as line
marks, as illustrated in Figure 3.2a [58], [59]. Node-link layouts are familiar to users, but they
can suffer from edge-crossings [60] and scalability in large graphs [61]. Matrix layouts can
mitigate these two problems [62]. In a matrix, all nodes are positioned along the horizontal
rows and vertical columns of the matrix layout while links occupy the squares that relate
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Figure 3.1 Networks and tree layouts. Three visual representations for networks, namely, node-
link, matrix, and hybrid. Tree representations can be categorised into non-space-filling techniques
(node-link, matrix and indentation), and space-filling techniques (icicle, treemap, sunburst).
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the nodes to each other, as illustrated in Figure 3.2b [55]. Matrix representations suit dense
graphs, but it lacks familiarity to most users [63]. The combination between matrix and node-
link layouts, known as a hybrid layout, aims to overcome the limitations of both approaches
and focus on their strengths [64].
(a) (b)
Figure 3.2 Network representations: (a) node-link layout; (b) matrix layout [58].
A tree layout is a simple graph with a hierarchy structure, i.e. parent-child relations
between nodes where each node has one parent. Tree representations can be categorised
into non-space-filling techniques, e.g. node-link, matrix and indentation, and space-filling
techniques, e.g. treemap [65], sunburst [66], [67] and icicle [68].
Node-link layouts are the most common representations of non-space-filling tree lay-
outs [69]. Based on node-link layouts, several tree-drawing algorithms have been proposed,
such as the radial tree and bubble tree [60]. In the radial tree, nodes are located on circles
that surround the parent node, and node locations depend on the depth of the tree. In the
bubble tree, each parent with its children forms a full circle. Examples of the bubble and
radial trees are shown in Figure 3.3 (a) and 3.3 (b), respectively.
In matrix layouts, each column and row of the matrix is related to a node. The edge from
node (i) to node ( j) is symbolised by cell (i, j). It is difficult for users to follow edge paths
in matrix layouts [69].
In indentation layouts, nodes are listed linearly based on their depth in the tree [69].
Indentation layouts are widely used to help users navigate and read the text [70], [71]. This
layout is familiar to users due to its similarity to file browsers [72]. The text is presented
inside the visualised nodes without overlapping, as shown in Figure 3.4. However, the
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Figure 3.3 Examples of node-link layouts: (a) Bubble tree (b) Radial tree [55].
overview of the whole data is lost with large data as it can only show a small amount of data
at once [72], [73].
Figure 3.4 Example of indentation layout with long labels inside the nodes [70].
In space-filling techniques, juxtaposition is used to express the relations between the
nodes instead of links to save space and condense the overview. These techniques can be
rectangular like treemap (Figure 3.5) and icicle plots (Figure 3.6), or circular such as sunburst
layouts (Figure 3.7). Each parent in the treemap (nested layout), enfolds its children on
its boundaries [74]. In the icicle plot, child nodes are adjacent to the parent’s border [68].
Sunburst layouts rely on a circular or radial display to represent a hierarchy. The root is
represented in centre, and each level of the tree forms a ring that surrounds the root.
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Figure 3.5 Example of the nested treemap layout.
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Figure 3.6 Example of the icicle layout.
Figure 3.7 Example of the sunburst layout.
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Stasko et al. [66] compared and evaluated two space-filling techniques, treemap and
sunburst, concerning their capabilities for standard file-management tasks by conducting
two comprehensive studies. The participants preferred the sunburst as it has a more explicit
structure compared with the treemap [66]. Cawthon et al. [75] measured the aesthetic,
effectiveness and efficiency of 11 different tree visualisations. The survey addressed aesthetic
ranking and task performance. The results showed that sunburst ranked the highest in
aesthetic. Furthermore, icicle and sunburst layouts had the highest percentage of correct
responses. Icicle and sunburst are more suitable layouts for providing an overview than
treemaps [74], [76]. The structure in the treemap is not as clear as in the classical tree [77].
Therefore, icicle and sunburst layouts can be promising solutions for providing an overview
of arguments.
A hybrid approach is a combination of layouts, such as node-link and treemap layouts,
that takes advantage of layouts with clear structure and space efficiency [61]. Additionally,
user interaction designers take advantage of the strength of each visualisation by coordinating
them in multiple views. The multiple views technique uses two or more distinct views to
support the investigation of a single entity [78], [79]. There are common types of coordination,
such as overview + details, drill down, brushing and linking and synchronised scrolling [80].
Some studies prove that coordinated views improve navigation and exploration [81], [82].
Many visualisation techniques have been developed in the literature to present messages,
blogs, emails, and conversations and show the relations between their elements [83]. Kim et
al. used a node-link layout where nodes and links are presented as tag clouds [84]. Gil and
Ratnakar used indentation layout to show the structure and allow users to read the text at the
same time [71]. To better utilise the visualisation area, Yee and Hearst applied space-efficient
layouts, e.g. treemap layouts, to visualise both text content and structure [85].
The two coordinated views are used for ease of exploring and understanding visualised
information; one to show the overview and another to navigate and read the text. For example,
two coordinated views using node-link layouts to represent the structure, with an indentation
layout to help explore the text, are proposed in several studies [86], [73], [87], [88]. Kialo [89],
a tool for critical thinking and serious discussion, uses a sunburst layout to show the overview
of the data. When the user clicks on any threads, it transforms into another window with the
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node-link layout to reflect the structure of the focused chain, with a linked table to present
the text of the parent and all the children in the first level (Figure 3.8a).
Multiple-coordinated views are used for structure navigation and reading the discussion.
Smith and Fiore [90] proposed a dashboard that includes: a) a tree to display the structure
of the selected thread, b) a message view to present the contents of a selected message, and
c) a node-link network which shows the interpersonal connection as shown in Figure 3.8b.
Wattenberg et al. [91] used user interactions, i.e. focus and context technique, to help users
navigate through the discussion overview while individual messages are displayed in the
detailed view.
(a) (b)
Figure 3.8 Examples of context layout (a) A snapshot of the Kialo tool illustrates the node-link layouts
to present the argument structure with a table to show the linked text; (b) The Netscan dashboard
that combines multiple views to display the structure, text and connection between the persons who
participate in a discussion [90].
In the following sections, interaction techniques that help to make sense of overview and
details, one of the key requirements to understand an argument, are reviewed.
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3.1.2 User Interaction
User interaction (UI) is an action carried out by users to help them better understand the
visualised information [92]. No layout can overcome the problems raised by the large size
of data occurring in a visualisation without UI [60]. Shneiderman summarised essential
interactive characteristics introduced by InfoVis into seven features; overview, zoom, filter,
relate, details on demand, history, and extract [93]. The following paragraphs focus on the
UI that provide the overview and details (K1 + K2).
3.1.2.1 Overview and Zoom
The overview provides users with a view of the entire graph and the structure of the data.
Zooming helps users reduce the complexity of the data visualisation by focusing on and
increasing the size of relevant information [94]. Zooming and panning allow users to
navigate and move from one point of the zoom level to another. The drawback of this
technique is that if the focused view is not what users needs, they must zoom-out and
adjust the view again [95]. The overview + details technique is a promising solution to this
problem, as the overview is embedded with a detailed view in the same display area, each
with a distinctive presentation [95], e.g., Google Earth. In Google Earth, a small space is
allocated in the displayed area to present the overview of the whole data, which is controlled
by users to choose the focused point, as shown in Figure 3.9.
Focus and context (F+C) removes the spatial and temporal separation between the two
views by displaying the focus within the context in a single view. F+C is used to expand the
viewing area of the sections currently being viewed while compressing the remaining sections.
When the user moves the cursor to another part of the view, the display changes dynamically
making the new focus larger and shrinking the rest of the view [96]. Figure 3.10 illustrates
the increase in the size of information at the central lens area by using a magnification
lens (fisheye) [97], [98]. F+C is used in many visualisation systems to solve problems in
real-world applications, such as the Perspective Wall [99] and DocumentLens [100] that
distort contextual views to show the interested region but remain in context. F+C has been
used with space-filling adjacency layouts to help users explore and read the text [101].
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Figure 3.9 Example of overview and details techniques on Google earth. The overview of the earth is
represented on the right bottom corner, and is based on users’ choice. The details are displayed on the
detail view.
Figure 3.10 A fisheye view where the size of information at the central lens is increased at the focused
point [98].
3.1.2.2 Details-on-Demand
Due to the limitation of display screen size, it is difficult to provide all the details in
visualisation, especially for large datasets where the graph becomes complicated. Details-
on-demand is a technique that allows users to obtain more information about focused items
(K3), such as with pop-up information, i.e. a label that appears when users hover over these
items [93]. One of the benefits of this technique is to explore more details quickly without
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changing the representation, e.g., OpinionBlocks that provides an aspect-based sentiment
overview for customer reviews. It uses labelling to allow users to read and navigate customer
reviews [102].
Labelling in InfoVis reflects the relations between visual objects and textual elements.
Based on the location of a label relative to the visual object, labels can be classified into
internal and external ones. Internal labels are located inside the visual object [103] and this
way of labelling is explicit, readable and points immediately to the visual object. However,
one of its pitfalls is overlapping between long labels due to lack of space [104]. External
labels are located outside the visual object and connected to it using a leader line [105]. Many
algorithms are designed to optimise the location and alignment of external labels [106].
Boundary labelling is a type of external labelling designed for long labels, where a
rectangle is used to frame the label(s), a leader connects each label to the object, and one or
more labels can be placed in one rectangle [107]. Excentric labelling is a dynamic technique
of boundary labelling, revealing labels of items near a point of interest [108]. Labels are
placed in the same order of the corresponding area, which may result in crossed leaders
when the labelling is dense. Therefore, the technique has been improved by allowing users
to scroll between the labels and inherit the visual features of the object like colour and font
[106], [109].
Features such as readability and aesthetics should be considered when labels are de-
signed [104], and we should avoid labels overlapping with each other or with the related
structure. These problems are increased when the number of labels rises, or the labels are
long [110].
3.2 Argument Visualisation
Argument visualisation (ArgVis) is any non-verbal technique used to present arguments in
which the relationships among arguments are made explicit [111], [112], [38]. Kirschner et
al. discussed in [51] the importance of ArgVis in making sense of information and presenting
the disagreements and evidence in a way that helps to understand arguments. Loll et al.
surveyed 97 argumentation experts from various domains and showed that the argument
representation helps in understanding arguments and organising ideas across all domains
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surveyed [113]. The main aims of ArgVis are to clarify the arguments elements and the
relationships between them, to allow users to gain a quick overview, and to show more
or less details of interesting arguments to focus on relevant parts [51], [6]. Difficulty in
understanding argument structures stems from a tension between needing an overview of the
whole structure to explore how arguments elements are connected to each other while also
investigating the details [114], [42].
The following example will demonstrate how ArgVis can bring various facts of an
argument to the surface in different ways. The argument is “Fayetteville, North Carolina is
a great place to live. The city has many great restaurants and movie theatres, the schools
are good, but the weather is bad". First, the argument elements need to distinguished. The
argument consists of the conclusion “Fayetteville, North Carolina is a great place to live"
which has two supporting statements (premises): “The city has many great restaurants" and
“the schools are good", and one opposing statement (premise) “the weather is bad". To present
the argument, the following indentation layout can be used.
(1) Fayetteville, North Carolina is a great place to live:
(1.1) The city has many great restaurants.
(1.2) The schools are good.
(1.3) The weather is bad.
From this example, it is known that three statements are connected to the conclusion.
However, the relations between the premises and conclusion are unknown before reading
the statements. The relations can support or oppose the conclusion. Colours can be used
to distinguish between different types of statements and thus make the relationships more
explicit, for example:
(1) Fayetteville, North Carolina is a great place to live:
(1.1) The city has many great restaurants.
(1.2) The schools are good.
(1.3) The weather is bad.
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Instead, argument elements can be denoted by nodes, i.e. boxes and incorporate links to
express the relationships between these argument elements with colour encoding to reflect
the type of relationships, as in Figure 3.11. ArgVis uses boxes or circles and arrows or lines
to represent the arguments, where the boxes or circles represent the claims, position, ideas,
statements. Arrows or lines reflect the relationships [115].
a) Carlos must be sick today. He did not show up for work. And he has never 
missed work unless he was sick. 
Fayetteville, North Carolina is a great place to live. 2) The city has many great 
restaurants and movie theaters, the schools are good, and the weather is 
never terribly bad. 
 
 
b) Carlos must be sick today. He did not show up for work. And he has never 
missed work unless he was sick. 
 
 
c) Carlos must be sick today: 
1-He did ot show up for work. 
2-And he has ever missed work unless he was sick. 
 
d)  
 Fayetteville, North 
Carolina is a great 
place to live 
The city has many 
great restaurants 
The schools are 
good 
The weather is 
bad 
Figure 3.11 Use of boxes and links to represent an argument[s].
Most of the ArgVis tools use a tree or network to present the argument [116], while
others use a table or matrix. Details of existing ArgVis tools in CSAV are introduced in the
following sections.
3.2.1 Argument Visualisation Layouts
In these sections, existing ArgVis tools are reviewed, categorised based on their layouts [117],
by describing their visual techniques and highlighting their limitations.
3.2.1.1 Indentation Layout
Indentation layouts reveal the hierarchical argument structure by placing the arguments
(nodes), with the text inside, vertically at varying levels of indentation depending on the depth
of the nodes in the structure. To improve collaborative deliberations, Collaboratorium [118]
used an indentation layout to organise discussions based on various types of statements
such as issue, and idea. To distinguish between the types, relevant icons near each node
are displayed. DebateGraph [4], Hermes [119], ARGUMED [120], AcademicTalk [121],
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LEGALESE [122] and Evidence Hub [123] are other examples of tools that have used an
indentation layout to present the arguments. LEGALESE employs a title to recognise diverse
types of statements, as represented in Figure 3.12a. DebateGraph uses red for opposing
statements and green for supporting ones, as shown in Figure 3.12b.
To provide users with more details about the arguments, some tools used two or more
views such as Hermes. The latter has two views, one to display the arguments and the
relationships between them, and another to show information (metadata) about the selected
node, as illustrated in Figure 3.12c.
Indentation layouts are familiar to users due to their similarity to file browsers. In these
layouts, text can occupy nodes without crossing. However, they fail to provide an overview
of the structure in large arguments due to the limitation of the window size. Also, indentation
layouts can be overwhelming due to the number of expanders needed to get to specific
data [124].
3.2.1.2 Node-link Layout
Node-link layouts use nodes to present the argument elements and links to express relations
between them. Depending on the argument structure model of the argument tools, some tools
present the argument using tree layouts such as Rationale [125], Carneades [33], Structured
Evidential Argumentation System (SEAS) [126], Argvis [127] and Reason!Able [128]. Oth-
ers visualise the argument using network layouts, e.g. Argument Visualization for Evidential
Reasoning based on stories (AVERs) (Figure 3.13) [14], Metafora [129], Cohere [130], bCi-
sive [49], LASAD [131], and LARGO [132]. Some tools remove the cycle, which is a closed
path between nodes, by duplicating statements and present the arguments as a tree [33], since
network layouts are more complicated than tree layouts, and trees are relatively stable [133].
Argument nodes in the node-link layout have various colours and shapes. The shapes
help to present argument elements. Colours are used to recognise different types of relations.
For example, green, red and blue are used to show support, oppose and neutral relationships,
respectively, as shown in (Figure 3.13).
DebateGraph uses a node-link layout with various views [4]. The first one is a simple
triangular vertical tree with the root on the top and child nodes on the bottom, as clarified
in Figure 3.14. The second is a radial tree where the root is located in the centre, and children
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(a)
(b)
(c)
Figure 3.12 Three examples of indentation layouts: (a) LEGALESE [122] uses titles to distinguish
between different types of argument statements; (b) DebateGraph [4] applies green and red colours
to reflect support/oppose relationships, respectively; (c) Hermes [119] uses one view to display the
arguments graph with different colour encoding and varied symbols to distinguish the argument
elements, and another view to illustrate the metadata.
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Figure 3.13 AVERs is an example of node-link layout [14].
are placed on circles surrounding the root according to their depth in the tree, as shown
in Figure 3.15.
Figure 3.14 Tree node-link view of DebateGraph to illustrate the argument structure [4].
Figure 3.15 Radial node-link view of DebateGraph to present the structure of arguments [4].
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Rationale [125] proposed a new tree structure called hi-tree. The key novelty in this rep-
resentation is to allow statements that are linked together and at the same level to be grouped
into “compound nodes” instead of using links to save space, as illustrated in Figure 3.16.
Node-link layouts are useful in presenting an argument structure and showing relations
between arguments in a simple way. However, when the number of nodes with long text
increases, the graph becomes space-inefficient. Consequently, the overview is lost [124].
Figure 3.16 Rationale representation with oppose and support premises; two premises linked to each
other to support the conclusion (linked argument) [125].
3.2.1.3 Nested Layout
Nested layouts are one of the space-filling techniques, which use space to express relations
between nodes instead of links to save space and condense the overview. For example,
SenseMaker [134] uses a box-based Venn diagram to visualise small hierarchy data [135]. It
displays the conclusion in a frame with the evidence denoted by dots located in the related
frame, as shown in Figure 3.17.
Issue Maps uses a treemap layout to solve the problem of readability in large-scale
arguments [6]. The main elements of Issue Maps are issues and arguments. Treemaps are
used to allow users to get an overview of the vast amount of information. Different sizes of
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Figure 3.17 The nested layout (one of the space-filling techniques) of SenseMaker tool [134].
rectangles indicate the comparative number of arguments associated with each issue. Instead
of displaying the children inside their parents as rectangles, Issue Maps displays the number
of children as depicted in Figure 3.18a. Overview and details on demand has been used
so users can click on any rectangle to see the arguments raised in that particular one as
illustrated in Figure 3.18b. Also, pop-up text are provided to read the text.
Nested layouts overcome the problem of space and scalability. However, ArgVis tools
that have used the nested layout did not take full advantage of it. For example, SenseMaker
leaves blank spaces between the child nodes, and thus, does not utilise the entire display area.
Likewise, Issue Maps only presents the number of children inside their parent which makes
it hard to understand the type of relationships between the nodes.
3.2.1.4 Matrix Layout
Matrix layouts are used to make the relations in arguments explicit. The matrix, i.e. the
tabular, layout uses rows and columns to denote argument elements and cells to represent
the relations between these elements. Belvedere [136] applied a matrix layout to help users
explore the argument relations. Belvedere uses a green plus sign to show support relations
and a red minus sign to represent oppose ones
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(a)
(b)
Figure 3.18 Overview and details techniques in Issue Maps: (a) Overview map of debate showing
main topics; (b) View of one of the sub-topics, i.e. the big purple rectangle in (a), showing the
arguments inside this sub-topic [6].
Competing Hypotheses uses a matrix layout to define the evidence and arguments [137,
p. 95]. The advantages of using a matrix layout are scalability for large arguments and the
lack of occlusion due to link crossing. The pitfalls are the difficulty in following a specific
path [50] and its unfamiliarity to users [55].
3.2.1.5 Hybrid Layout
Horn is one of few argument visualisation tools that provides users with an overview of the
arguments so users can explore the structure and decide where to start reading [49]. Horn
uses nested and node-link representations to present arguments as a large tree with many
boxes [138], as illustrated in Figure 3.19. Each box is called a claim box, which may contain
a claim, a rebuttal, or a counter-rebuttal. The boxes are connected to each other using links;
arrows with labels that show the type of relations, i.e. support or oppose.
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Other tools use two layouts as coordinated views, to provide an overview and allow the
user to read text such as DebateGraph. It uses a node-link layout to represent the structure
and an indentation layout for user navigation and reading the text. Belvedere applied a matrix
layout with node-link layout as another type of presentation [136]. The matrix layout helps
to discover the missing relations between nodes (Figure 3.20).
Following this review of existing ArgVis tools and categorising their layout into five
groups, Table 3.1 summarises the advantages and disadvantages of each ArgVis layout.
Figure 3.19 Horns-argument-map, which is a tree layout of boxes and link. The box contains claim,
rebuttal, and counter-rebuttal [138].
Table 3.1 Advantages and disadvantages of argument visualisation layouts.
Advantage Disadvantage
Indentation layouts - Present text without crossing. - Lack provision overview for large arguments.
- Familiar to the users.
Node-link layouts
- Present the arguments’ structure and
show relationships in a simple way.
- Space-inefficient when the number of nodes
with long labels increase.
- Present tree and network structure. - Lose the overview with large arguments.
Nested Layouts - Provide overview. - ArgVis tools that have used the nested layout
did not take full advantage of provided space.
Matrix Layouts - Explicit arguments relationships. - Unfamiliar to the user.
- Lack of occlusion, e.g., link crossing. - Challenging to follow a specific argument path.
Hybrid layouts - Inherit the advantages of combined layouts. - Inherit the disadvantages of combined layouts.
- Compact visualisation and easy correlation. - It can be complex for users to understand.
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educational settings, as an aid to argumentation and critical thinking courses. System
features include the support of three different diagrammatic notations for laying out
arguments (Standard, Toulmin (1958) and Wigmore (1931) notation), translations between
the notations, and the support of different argumentation schemes (Walton et al. 2008).
Some argumentation systems can process the constructed diagrams to automatically
derive acceptability values for argument elements. Carneades, for instance, “supports a
range of argumentation tasks, including argument reconstruction, evaluation and visuali-
zation” (Gordon et al. 2007, p. 875). Although it is conceptualized as a domain-independent
tool, it is primarily aimed at legal argumentation. It makes use of a formal, mathematical
model to compute and assign acceptability values to propositions and supports multiple
proof standards, that is, different procedures to derive the acceptability of a claim and
associated arguments such as “preponderance of evidence.” Similar decision procedures are
implemented in ArguMed (Verheij 2003), an argument assistant system that also focuses on
the legal domain, and Hermes (Karacapilidis and Papadias 2001), a system that supports
collaborative decision making in threaded discussions.
In contrast to Carneades, ArguMed, and Hermes, the Intelligent Tutoring System
LARGO (Pinkwart et al. 2006a) focuses on teaching law students legal argumentation skills.
The student’s task is to analyze existing U.S. Supreme Court Oral Arguments by
“translating” provided transcripts into a graph-based visual representation, supported by
an advice-upon-request function. LARGO uses a special-purpose argumentation model and
Fig. 1 Belvedere with a graph-and-matrix interface
O. Scheuer, et al.
Figure 3.20 Belvedere tool uses the node-link in top frame and the matrix (rows and columns) in
bottom. It uses a gree plus sign to show support relations and a red minus ign to represent oppose
ones [136].
3.2.2 Interaction in ArgVis Tools
The zoom and pan technique is used in ArgVis tools to increase the size of the focused point
and navigate from one focused point to anoth r. Exampl of tools have used an overview and
details technique, wh re detailed information is displayed beside an overview of the entire
view in a small rectangl at the cor e of the same window, as in OVA [15] and Argunet
(Figure 3.21a) [139]. The small view of the overview is separated from the details view in
the Reason!Able as clarified in Figure 3.21b [128]. While using this technique helps the user
to understand more information about the data, sharing the display area can cause memory
issues for users [55]. Rationale provides users with two techniques, overview and details and
collapses and expands the sub argument [140].
DebateGraph uses a technique for supporting interactive exploration developed by
Yee [141]. The layout of the tree animates into a new layout, and the focused node is
located in the centre (Figure 3.22). However, this technique changes the geometry between
the views, which may confuse users and make it difficult for them to understand the relations
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(a) (b)
Figure 3.21 Examples of overview and details techniques (a) Overview and details in same window
in the Argunet [139]; (b) Separated overview and details windows the Reason!Able [128].
between the views. Table 3.2 gives an example of the user interactions that apply in the
argument visualisation tools. 
Figure 3.22 Animation technique in DebateGraph: (a) overview in DebateGraph radial layout, (b)
The radial layout in DebateGraph is changed and the focused node, the one with the red border, is
allocated in the centre of layout [4].
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Table 3.2 Example of argument visualisation tools and user interactions.
ArgVis tools Overview Zoom Extract Filter Detail on demand
CompendiumLD Y Y Y N N
Belvedere N N Y N N
Rational Y Y Y N Y
Reason!Able Y Y Y N N
Digalo Y Y Y Y Y
AcademicTalk N N Y N N
InterLoc N N Y N N
Debategraph Y Y Y Y Y
Convince ME N N N N N
SenseMaker N N Y Y N
ArguMed N N N N N
LEGALESE N N N N N
TruthMapping N N N N N
Argunet Y Y Y N Y
Evidence Hub Y Y Y Y Y
OVA Y N Y N N
SEAS Y Y Y Y /
ArgVis Y Y Y N /
bCisive Y Y Y Y /
Metafora Y Y Y Y /
Carneades Y Y N Y Y
LASAD N N Y Y N
3.2.3 Argumentation Visualisation Challenges
Many ArgVis tools have been proposed to help people in understanding arguments, exploring
their structure and visually mapping the flow of inferences. However, the increasing use of
online argument capture and rising demand for argument mining techniques to automatically
recognise argumentative inferences in text creates the requirement to improve tools for
visually exploring these datasets.
One of the challenges that faces ArgVis is visualising large arguments [49], i.e. when
the number of nodes exceeds a hundred (or less in some cases) [140], [142]. To mitigate
this problem, a big screen with high resolution has been used to present arguments [115].
However, this does not solve the problem of space inefficiency. Besides, a big screen is not
available to all people, so it is not an efficient solution.
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The number of nodes may not sound large, but it can be problematic in argumentation
datasets as they are textual by nature. The challenge arises from users requesting to have a
sense of the details and a vision of the whole [143]. Furthermore, ArgVis should allow users
to read the argument text regardless of its length to help them understand the arguments,
therefore the text associated with nodes must be legible. For example, Figure 3.23 shows
a large argument graph about Decartes Meditationes using Argunet tool [139]. The graph
illustrated all arguments unfolded, which resulted in a poster with a size of 2.5m x 4m [144].
Figure 3.23 Argument graph presented at the conference of the Gesellschaft für Analytische Philoso-
phy as a poster [144].
The challenges of ArgVis, where the number of nodes exceeds one hundred, can be
summarised as, first, scalability. How can a large-argument dataset be presented, that allows
the user to develop a sense of the whole data and explore the details? Second is readability;
how can the user be assisted in reading the argument content?
The text requires a lot of space to visualise, especially when the number of nodes increases.
Besides, ignoring user interaction can complicate the problem raised by the large size of the
graphs. Improving the interaction in ArgVis can help users to explore and navigate arguments.
ArgVis tools have tried to address these challenges using the following approaches:
(1) To focus the visualisation design on the structure and only show the texts on de-
mand [127]. The large size of data and constraint of the screen size limits the amount of
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presented information. For this reason, users are provided with the required information
without changing the visualisation view.
(2) To focus on the text but reduce information displayed in the structure [118]. The focal
point is the text so the users can read it, meanwhile keeping the structure to assist in
the analysis.
(3) To provide both–text and structure–simultaneously and embed the text into the graph,
resulting in a very large visualisation [115].
3.3 Visualisation Design and Validation
Several models for designing visualisation tools have been proposed in the literature [52], [145],
[146]. These models concentrate on the InfoVis pipeline, starting with processing raw data,
transferring it into relations or sets that make it easy to visualise and then mapping the
transformed data to a visual structure. After that, different views are created, and interaction
techniques are added to help users understand and explore data [147]. However, these models
do not give guidance on how to evaluate these systems or validate every stage. On the other
hand, many evaluation systems have failed to present detailed guidance for users of where to
carry out the evaluation [148], [149]. One of the most popular models is the nested model.
The nested model provides a full framework for designing visualisation tools by dividing the
visualisation design into levels [150]. It also suggests validation methods with guidelines
for users to undertake at each level. The nested model can be applied in many visualisation
approaches such as problem-driven, and technique-driven; therefore, it is adopted as the
core method approach throughout this research. The nested model consists of four levels, as
illustrated in Figure 3.24 and listed below:
(1) The first level is to understand the domain problem and data structure. The designer
should be fully aware of the tasks that users are expecting from the designed visual-
isation system. The designers need to understand the users’ requirements to make
the visualisation useful and usable for them. However, involving users in the design
process is time-consuming to collect and analyse the data. Besides, users often do not
know precisely what they want [151]. The substantial problem at this level is the gap
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and potential misunderstanding between the designer and users. It is essential that
the designer avoids making assumptions and gets back to users to understand their
requirements deeply. Holding interviews or observing the target users are promising
solutions to prevent such problems.
(2) The second level is to operate and abstract a data type. On this level, the designer tries
to format the collected data from the specific domain into a vocabulary for InfoVis.
There are many suggestions to validate this level, such as to let the target users try the
tool or to write documents about how the target audience uses the deployed system.
(3) The third level is to encode and add interactions. This level focuses on translating the
data to the visual elements. Expert review, user study, and qualitative discussion are
used to validate the results at this level.
(4) The fourth level is to check the algorithm design where the designer has to deal with
technical issues, e.g. measure the algorithm speed.February 2015 
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2.2  Argument 
Argumentation explains the relations between the logical reasons and the conclusion. The 
aim of argumentation is to justify or refute the standpoint of someone by providing strong 
reasons. Argument’s items consist of conclusion and premises where premises are either in 
support or against the conclusion. There are two types of argument. The first one is the 
deductive, which means that true premises will guide to a true conclusion. The second one is 
defeasible in which, on contrary of deductive, true premises do not guaranty a true 
conclusion. 
Using visual representation provides a better and deeper understanding of arguments 
and topics especially that humans in general are highly visual [15].  Most of argument 
diagrams which consists of boxes and arrows [16], aims to visualise the structure of the 
argument by presentation the arguments’ items. In addition, many argument-diagramming 
tools allow the user to analysis and evaluate the argument. Inference relation and 
argumentation are not easy to understand, especially when the number of the elements is very 
high and the relations are subsequently complicated. Argument visualisation tools in the 
literature have used graphs to present arguments, due to nature of the argument’s structure.  
Some of them used network and other found tree is better to show the hierarchy structure of 
arguments. In network argument visualisation tools, nodes represent the arguments’ items 
and links represent the relation between these items. Network argument visualisation tools in 
the literature have used different shapes of nodes, and most of them have also used colour to 
highlight the type of the relation between the nodes, e.g., green expresses a support relation 
while red expresses an against relation. Examples of argument visualisation tools that have 
Domain problem characterisation 
Data/operation abstraction design 
Encoding/ interaction technique design 
Algorithm design 
Figure 3.24 The four levels of the nested model [150].
The nested model provides methodological underpinnings throughout this research. The
major points of intersections are summarised as follows.
(1) The first step in the ne ted model is to understand the user’ requirements and domain
pr blems. The xisting w rk on a gum n d main are review d to build an u der-
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standing of argumentation. Also, interviews with experts are conducted to understand
the issues with existing approaches and their requirements for improved argumentation
tools as will be shown in details in Chapter 4. The experts are chosen from various
argumentation domains, who have used or been involved in designing one of the
existing ArgVis tools. During the interviews, the experts were asked to answer a few
questions about the ArgVis tools they use, such as the reasons for choosing specific
tools to present the arguments, the problems encountered upon using these tools and
which features were missing, the difficulty of using these tools and the experts’ level
of satisfaction of the obtained outcomes.
(2) The second step of the nested model is to map the data collected from the interviews into
InfoVis vocabularies. Arguments have a graph structure consist of nodes (argument
elements) and the relations between them. The discussion about the graph layouts are
presented in Chapter 4.
(3) The third step in the nested model is encoding and interaction. Argument elements
(premises and conclusion) are presented as nodes in sunburst and icicle. The colour
encoding of the nodes reflects the relationships between them, with red nodes op-
posing their conclusion and green nodes supporting their conclusion. Stacked-labels
and StackedBoxes are used to navigate the text. More details about the user interaction
and visual techniques to achieve the requirements are proposed in Chapter 4. To
validate the second and the third steps in this model, experts were contacted to test the
tools and give feedback.
(4) The fourth step is algorithm design and implementation, which is explained in detail
in Chapter 4. The time of the running algorithm is monitored to check the speed of
the algorithm. Also, a usability study with 21 participants and experts review are
conducted to evaluate the proposed visualisation tools.
The nested model is a flexible framework that proposes various methods of validation
to help designers make decisions based on domain problems. It is an inter-disciplinary
framework that can be applied in different domains by introducing methods of communication
between the visualisation designers and the users, i.e. analysts or experts from other domains,
to gather the users’ needs.
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Evaluation and validation in InfoVis have many forms such as interviews, experts’ reviews,
focus groups, survey, and controlled experiments. The data are collected from these different
evaluations are either qualitative or quantitative [152].
3.3.1 Quantitative Approaches
Quantitative evaluation collects performance measurements like time, accuracy, mouse clicks
and error. Controlled experiments are one approach which is used to collect results about the
usability issues of the prototypes or compare between the various visualisation and interaction
techniques [153]. These experiments require the user to perform the specific tasks that are
representative of the experiment hypothesis, measure the dependent variable and observation.
Analysis of this data is then often performed using statistical methods that allow probabilistic
statements to be made. The main difficulties in this approach are deciding the sample of
participants, designing visual tasks, and asking the right questions [154].
3.3.2 Qualitative Approaches
Qualitative data can be collected from users or experts by conducting observations, interviews,
or long-term case studies. The observation can be conducted in both laboratories and specific
fields. Designers can take notes while they observe participants deal with systems/tools,
which gives a chance for the participants to ask or discuss their ideas and thoughts while they
are carrying out tasks [155]. In an interview, designer (s) and participant (s) can interchange
their ideas and opinions to develop usages of the proposed visualisation systems [61]. The
designer can record or take notes during the interviews. In a long-term case study, designers
deploy the visualisation system and participants use it in their actual work for a considerable
length of time. Designers collect notes, diaries, and videos that are used to study the
effectiveness of the system [146].
Qualitative approaches face several challenges, such as the collected data is subjective as
it depends on the experience of the participants. Also, it is challenging to decide the sample
size of participants, as there is no guideline to determine how many are needed. The number
of participants may grow until the designers do not gain any new insights from the qualitative
evaluation [153]. These two approaches (qualitative and quantitative) can be used together
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to enhance the understanding of users behaviour and system performances for real-world
analysis tasks.
3.4 Summary
In this Chapter, InfoVis was introduced and a review undertaken of visual representations
of graphs, highlighting the advantages and disadvantages of each layout. Following that,
the techniques used to visualise the text were described, i.e. logs, conversation, and UI
methods were discussed. Then, existing ArgVis tools were reviewed and their layouts were
categorised into five groups. First, the indentation layout where argument elements can fit
inside the nodes without crossing. However, this layout cannot show an overview of the
whole data. Second, the node-link layout that can provide a clear structure, but it is unscalable
when the size of argument datasets increase. Third, the nested layout that overcomes the
problem of space and scalability, but the ArgVis tools that have used this layout did not
take full advantage of the available space. Fourth, the matrix layout that is used to make
argument relations explicit. The main drawback of this layout is the difficulty of following a
specific path between the nodes to understand the relations between the arguments. Fifth, the
hybrid layout which combines two layouts. All ArgVis tools that have used the hybrid layout
in the literature adopted node-link as one of the combined layouts, and thus inherited its
drawbacks. Furthermore, ArgVis tools have neglected UI that allows users to understand and
explore data better, especially in large datasets, and only a few of the argument visualisation
tools have evaluated the techniques they have used. This Chapter concluded by considering
visualisation design approaches and the nested model is seen as the most appropriate to
follow for designing any new technique and tool.
In the upcoming Chapter, argumentation experts were interviewed to collect user require-
ments and three novel tools are proposed to visualise text and argument structures. The
first tool puts the text first, indicating connected and related argument elements through
visual cues (StackedBoxes), while a sunburst layout provides an overview linked to the main
stacked-boxes layout. The second tool overlays text on demand on a sunburst visualisation
(Sunburst Pop-Up). The third tool is an adaption of an icicle plot to visualise structure with
F+C to help with reading the text (Icicle F+C).
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ArgVis is a presentation of reasoning in which the relationships among argument elements
are made explicit using graphical or other non-verbal techniques [111]. It is used to help
users understand and explore the argument and make relations between the premises and the
conclusion explicit.
In this Chapter, argument experts are interviewed to collect the user’ requirements and to
discuss the gaps found in existing ArgVis tools. To address the defined requirements, several
tools are proposed for visualising text and argument structure. The first tool (StackedBoxes)
focuses on the text, indicating connected and related argument elements through visual
cues called stacked-boxes, with a linked miniature sunburst providing a structural overview.
Each layer in stacked-boxes was treated as a navigable strip of siblings which present the
focused node highlighted, parents (stacked above), and the first child of each level in the tree
below the focused node, with the siblings scrollable for all levels. The second tool (Sunburst
Pop-Up) focuses on the structure using a sunburst layout adapted to suit argument criteria
and overlays text on demand using a modified labelling technique called stacked-labels.
The stacked-labels, i.e. boxes, are similar to those used in stacked-boxes but are limited to
only showing the parents of the focused node (no children or siblings). The third tool (Icicle
F+C) is an adaption of an icicle plot to visualise the structure while using F+C to enlarge the
premises in a focused node chain.
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4.1 Exploratory Analysis Requirements
User requirement analysis is a process to identify users’ demands and become familiar with
how they use different techniques and tools [156]. Discussing with experts domain problem
and data structure, which is the first step of the nested model, helps to understand the domain
unique vocabularies and its specialised tasks. In addition, it saves the designer’s time [154]
and helps to focus and prioritise effort. There are no guidelines or a specific number of experts
that should be interviewed. The sample size can be decided when designers fully understand
the experts’ requirements [157]. A number of argument experts from the academic group
Argumentation Theory and authors of ArgVis tools published papers were contacted to
volunteer in the study. Seven experts agreed to volunteer in the current research to further
investigate the domain problems and the requirements. These experts were researchers, senior
researchers, and associate professors who have worked in different areas of argumentation,
e.g. argument mining, problem-solving, and ArgVis. Details about the experts are presented
in Table 4.1.
The interviews aimed to understand the applications of ArgVis tools, the role of visualisa-
tion in argumentation, and the obstacles the experts faced when they used these tools. Also,
they aimed to identify the size of data the experts dealt with and to collect the requirements.
The interview questions were divided into three parts as listed in Table 4.2. The first part
covered the use of previous argument tools and the purpose(s) of using them (Q1-Q3). The
next set of questions aimed to identify the limitations of the tools that the experts have used
(Q4-Q7). The second part focused on the size of the data the experts dealt with (Q8) and
the difficulty in presenting this size of data (if any) (Q9-Q11). The third section aimed to
identify ways that the experts read and understand arguments (Q12-Q13) and to collect the
users’ requirements of the new ArgVis tools (Q14-Q17).
The interviews were one-to-one and lasted between 30 and 45 minutes. Experts were
asked to fill in the ethical form presented in Appendix A. Each interview started with
explaining the aim of the study, followed by asking the interviewees about their experience
in ArgVis tools. Then, the interview questions were completed, and the session finished by
asking the experts if they had any requirements for new ArgVis tools or any further comments.
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Table 4.1 A summary of information relating to the study participants.
Country City Current Job Description Experience
E1 UK Dundee He works as a research assistant in argumentation since 2009. He is working now in argument mining.He has developed a range of widely used tools for argument analysis, visualisation, and storage. 10 years
E2 UK Swansea He is an Associate Professor in Law and Computer Science Legal Studies and works in argument mining. 10 years
E3 USA Illinois She is an Assistant Professor in argumentation and evidence. She is developing Linked Data(ontologies, metadata, Semantic Web) approaches to managing scientific evidence. 6 years
E4 UK Leeds He is a research assistant. He works in the areas of analytic aesthetics and moral psychology. 3 years
E5 UK Leeds She is an academic fellow. Her research interests are transporting governance, sustainable travel behaviours,persuasive technology, and transport geography. 4 years
E6 UK Edinburgh He worked as a retired researcher in philosophy. He worked in the project about investigated the relevanceof argument visualisation techniques to political debates. 4 years
E7 UK London She is a research associate. She is interested in network-centric, modelling and visualising ideas andarguments as networks of nodes which can be analysed for topographical and semantic patterns. 13 years
Table 4.2 Interviews questions, divided into three parts; uses of ArgVis, size of the data, and
understanding the arguments.
Questions
Q1- Do you use any argument visualisation tools?
Q2- What kind of things are you looking for by using this tool ?
Q3- What techniques do you use to present the arguments ?
Q4- Are there any limitations in this tool?
Q5- What are the actions that you want to do with your data but you cannot by using this tool ?
Q6- Can you see all the information you want?
If not, what is missing?
Use of argument
visualisation
Q7- Why are these things (in the previous question) essential for argumentation?
Q8- What is the size of the dataset that you have used ?
Q9- Did you find it difficult to present this data? Why?
Q10- How do you break down a large argument to understand it?
Data size and obstacles
Q11- What information do you like to present or see on the argument?
Q12- Is there a specific flow that you want to read the arguments through ?
Q13- When you explore the arguments, what are the things you are looking for?
Q14- Is it important to you to know the number of nodes that support/ attack the main conclusion?
Or what is information that you like to know about this diagram?
Q15- What are the features that you would like the tool to provide to help you understand the
argument? Querying? Exploring? Searching?
Q16- Why is it important to check the overview of the whole data before starting to explore one argument?
Q17- How is it important to present the different type of arguments (linked/ convergent)?
Reading and understanding
the argument
During the interviews, the experts mentioned limitations of the previous ArgVis tools
and the four main limitations are listed below:
(L1) “Most of the tools use nodes and arrows, which are brilliant when you have a small
number of arguments but when the number increases to 20-30 nodes, the graph becomes
very dense, making exploration very tough.”
(L2) “The tools which used node-link have become dense and impenetrable. Arguments can
not just be made into pretty pictures because we’re also interested in the content."
(L3) “The tools we have designed are only for small scale arguments; I would like to have
tools that handle a large number of arguments.”
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(L4) “The biggest challenge of presenting the large-scale arguments is that we want to see
the whole picture and see the details of what’s going on using the same tool which we
miss in most of the current argument tools”.
4.1.1 Requirements
The second step in the nested model is formatting the interviews data into vocabulary for
InfoVis. The interviews were analysed using NVivo; software used for qualitative and
mixed-methods research [158]. It helps to organise interview contents and explore different
possibilities of data analysis and interpretation. Based on the aim and the questions of
the interviews, categories were identified that help to analyse the interview data, such
as Data Size, Obstacles, Read Argument, Usage of ArgVis, Understand Arguments, and
Requirements. The defined categories were then used to categories the answer provided
by the experts. Finally, all the answers in each category were checked to identify the user
requirements. It can be concluded that the ability to provide a quick summary of the overall
data and read the text are key priorities. The user requirements are illustrated as follows:
(R1) Show arguments overview: present the entire arguments, all at once, in order to know
how they are connected to the main topic and with each other. Also, explore the logic
flow of the argument in the proper order making the reasoning structure explicit.
(R2) Read the text of the argument: the ability to read the text of premises and conclusion
to help understand the argument. At the same time, the text must not take up a large
space on the graph.
(R3) Provide navigation: support experts to keep track of where they are relative to the
overall argument structure and allow them to focus on one chain of the argument (from
conclusion to all the related premises).
(R4) Zoom in and out: the ability to make the graph larger and smaller.
(R5) Collapse unneeded arguments to focus on the important ones
(R6) Provide a summary of argument relations types
(R7) Enable users to compare arguments
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The requirements mentioned above represent a consensus across the experts. It is
also worth mentioning that requirements R1, R3, and R4 fit with the ones proposed by
Shneiderman [159]. There are a few additional requirements that are either for specific
domains or only applicable for particular projects. These requirements are related to dialogue
analysis, dialogue visualisation and argument evaluation. They are excluded from this
research as the focus of this thesis is on achieving a balance between the overview and
details of an argument, and reading argument text for understanding the argument rather
than analysing it. In future work, more features and requirements will be considered. Those
requirements are listed below but are out of the scope of this research.
(R8) Obtain some information about the participants in the argument/debate
(R9) Search through the data, for instance, can it succinctly show the number and type of
contributions made by any individual
(R10) Know the missing parts in the graph
(R11) Modify the layout by rearranging the connection between the elements
4.2 Argument Visualisation Techniques and Tools
To achieve the users’ requirements, several tools and techniques were implemented using a
JavaScript library Data-Driven Document (D3) [160]. This was done in order to address steps
3 and 4 of the nested model, i.e. encoding, interactions and algorithm implementation. D3 is
a dynamic, interactive, online data visualisation framework used in modern browsers [161]. It
was developed by the Stanford Visualization Group. It allows binding any kind of data to the
Document Object Model (DOM). For example, you can use D3 to generate an HTML table
from an array of numbers or use the same data to create a bar chart with smooth transitions and
interaction. With D3, users can develop high-performance data dashboards and sophisticated
data visualisations. Users can reuse D3 code and add specific functions and features. D3 is a
combination of many web technologies, such as Hypertext Markup Language (HTML) for
page content, Cascading Style Sheets (CSS) for aesthetics, JavaScript for interaction, and
Scalable Vector Graphics (SVG) for two-dimensional graphics with support for interactivity
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and animation. The D3 website provides users with proper documentation, multiple examples,
and various visualisation options [162]. D3 was chosen for this research because it is a free,
open-source library with reusable components that supports popular browsers.
4.2.1 Design and Implementation
The next sections describe the iterative design of these tools and techniques and highlight the
advantages and limitations of each one.
4.2.1.1 Sunburst Node-Link- Sunburst with node-link
Showing data structure is an indispensable requirement to understand arguments (R1). Space-
filling techniques are promising solutions to present the argument structure by displaying an
overview of the whole data. For example, the sunburst layout is one of the best performing
visualisation techniques for tree structures in terms of efficiency and effectiveness [75].
Therefore, the first prototype was based on the sunburst layout, where the main conclusion
of the argument is placed in the centre of the sunburst (the root node); the premises surround
it. Each level of argument statements is connected with the previous level by the support
or oppose relations. The sunburst helps to provide an overview by showing the complete
structure of arguments, to build a mental map and explore the most opposing/supporting
statements. The colour encoding of the arguments in the sunburst reflects the relationships
between them. The colour encoding adopted in this research is widely used in existing ArgVis
tools, where red colour denotes opposing relationships, and green indicates supporting ones.
Linked arguments are two premises that are connected to support or oppose the conclusion
(section 2.2). To present the linked arguments in the sunburst, two layers are proposed as
illustrated in Figure 4.1; one big layer to display the argument statements, and a thin layer to
reflect the relationships between these statements. The thin layer is coloured with red/green
depending on the relations as shown in Figure 4.2.
Reading the textual content of conclusion and premises is crucial to understand the
arguments (R2), thus argument statements are presented inside the sunburst nodes. The text
is truncated and wrapped, and the font size is changed based on the size of the containing
node. Despite showing the argument structure efficiently, the size of the sunburst nodes
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Figure 4.1 The sunburst with two layers, the big layer is the arguments’ statements and the narrow
layer reflects the relations between statements.
 
Figure 4.2 Linked arguments in the sunburst which connect with each other by a thin layer.
does not allow the presentation of long labels, especially when moving away from the centre
where sunburst nodes get narrower. Therefore, another technique is needed for reading the
text. Node-link layouts can present the text of all children of a focused node, and thus helps
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the users to navigate the argument elements quickly. Consequently, a coordinated view is
proposed consisting of a sunburst layout to present the overview with a node-link layout to
help navigate through the text (Figure 4.3). When the users click on any node in the sunburst
Figure 4.3 The sketch of Sunburst Node-Link; the sunburst to present the overview of argument, and
node-link layout to help reading and navigate the text.
layout, the node-link layout is displayed in the coordinated view to reflect the chain from
the clicked node to all its children as in Figure 4.4. The argument chain in the sunburst is
highlighted to reflect the node-link view (R3). The users can change the size of the node-link
view to make it bigger at the expense of the sunburst layout view. Also, for quick navigation
through the nodes and reading the text, the entire label of the node, i.e. full-length statement,
will pop-up when hovering over the nodes in the sunburst.
The linked arguments are presented in both the sunburst and the node-link, as illustrated
in Figure 4.4 and Figure 4.5. An example of linked arguments, as shown in the layout,
is demonstrated through the following statements: “It is dire to species of plants and
animals that are being affected by the warming of the earth" and “When these species
are negatively affected, we are negatively affected". The statements mentioned above are
linked together to give reasoning and to support the statement “climate change is affecting us
now". This design was presented as a poster in the “European Conference on Argumentation",
June 2017, Fribourg, Switzerland [163]. The feedback from argumentation experts was
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Figure 4.4 The coordinated view, the sunburst layout on the left and node-link layout on the right.
Also the linked arguments are illustrated in both layouts.
positive. One of those experts found that using the space-filling sunburst technique to present
arguments is a promising way to provide an overview.
 
Figure 4.5 The linked arguments in both the node-link layout (right) and the sunburst layout (left).
The node-link view in this tool inherited the limitation of the node-link layout in terms of
space-efficiency, and it was challenging to show the focused node’s children while keeping
the labels readable, especially when the number of nodes grows, i.e. exceeds 40 nodes
(Figure 4.6). Besides, the thin layer in the sunburst is unnoticeable when data grows,
especially as nodes in the sunburst located far away from the centre become very tight. The
pop-up label in the sunburst allows the users to read the text, but it is limited to showing
the text of the hovered node only. Therefore, going through an argument’s chain requires
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a lot of navigation from the user. To overcome the problems in the previous prototype and
give users the flexibility to read all the statements until the conclusion, the pop-up label
was extended and offered a new layout, called stacked-boxes, in a fixed view rather than the
space-inefficient node-link layout for reading and navigating the text (R1, R2, R3). More
details about this tool are presented in the following section.
Figure 4.6 The coordinated view of sunburst with node-link layout that reflects the problem of
space-efficiency to show the nodes and text in the node-link.
4.2.1.2 StackedBoxes–Sunburst with stacked boxes
StackedBoxes relies on the coordinated view between a sunburst to provide the structure
and stacked-boxes for reading and navigation of text. As the thin layer is not easy to see in the
sunburst, colour encoding of the argument’s statements was used to reflect these relationships.
To distinguish the linked arguments from the rest, a small bridge that connects these argument
together is presented as part of the nodes, as clarified in Figure 4.7.
The stacked-boxes layout underwent five cycles of design development as shown in Fig-
ure 4.8. Our first version represents the list of argument statements (Figure 4.8a) from the
root until the focused (selected) node, in a fixed view (Figure 4.9). This version helps users
to read the argument text quickly from the focused node to the root conclusion, but it does
not enable reading the content of the focused node’s children or sibling nodes. Also, it is
difficult to read the text in one view and navigate in the other.
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Figure 4.7 The sunburst with colour encoding and a small bridge is presented to connect the linked
arguments to each other.
The layout was improved in the second version (Figure 4.8b) to offer quick navigation
and reading the text of the sibling nodes. This version displays the focused node, its parents,
and all the children in its sub-tree, as in Figure 4.10. The siblings of the focused node are
presented at a fixed width on either side. This version provides intuitive scrolling through the
siblings, so the selected node is given focus. However, this version highlighted mainly the
structure of the child nodes rather than helping the users to read the text.
Thus, the layout was further improved in a third version to reveal the text of the focused
node, its parents, and all its first level children, as shown in Figure 4.8c. The children
are portrayed in a vertical layout, as opposed to horizontal, to use the available space, as
illustrated in Figure 4.11. However, this version resulted in a mixed visual metaphor which
could be confusing for the user as the layout stacks nodes vertically from the root down to
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(a) (b)
(c) (d)
(e)
Figure 4.8 The iterative design sketches of the StackedBoxes. The grey scheme reflects the hierarchy
structure, i.e. the root is coloured with a dark grey that shades lighter by level towards the leaf nodes.
The coloured nodes in the sunburst show the nodes in the coordinated stacked-boxes and demonstrate
the difference between the versions.
the focused node (as per the tree), while below the focused node the vertical stack represents
the first level children of the focused node (a horizontal layer in the tree).
Consequently, the layout was changed to show the text of the first child of the selected
node and the structure under its siblings in a fourth version, as illustrated in Figure 4.12.
This design presented inconsistencies in the way nodes are connected as the children of the
focused node are not displayed in the StackedBoxes (Figure 4.8d).
Therefore, in the final fifth version of development, each layer of the boxes was treated
as a navigable strip of siblings which present the focused node highlighted, parents (stacked
above), and the first child of each level in the tree below the focused node, with the siblings
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Focused node 
Figure 4.9 The first version of the StackedBoxes represents the list of arguments’ statements from the
root until the focused node on the right with the sunburst on the left to show the overview. 
 
 
  
Focused node  
This reflects the whole structure of the child nodes  
Focused node siblings 
Figure 4.10 The second version of the StackedBoxes displays the focused node, its parent, its siblings,
and all the children on the right and the sunburst on the left.
scrollable for all levels, as illustrated in Figure 4.8e. When the user scrolls through the sibling
nodes, the selected node becomes the focused node with no changes on the upper level,
while underneath, the focused node changes to reflect the chain of this node. A small space
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The first 
level of 
child 
nodes 
From the Parent to the focused node  
Focused node 
siblings (the 
user can swipe 
between them) 
Focused node 
Figure 4.11 The third version of the StackedBoxes shows parents, focused node, and all the first level
of children for the focused node on the right and the sunburst on the left.
 
 
 
  
Focused node 
First child of focused node  
Sibling nodes  
The structure of the child nodes   
Figure 4.12 The fourth version of the StackedBoxes show the text of the parents, focused node, first
child node and the structure under its siblings on the right and the sunburst on the left.
between the levels is created in the stacked-boxes to show that each level is not connected
with the level above or below as in Figure 4.13.
The users can navigate by clicking on any node of the stacked-boxes or any node in the
sunburst. The branch of the clicked node is reflected immediately in the stacked-boxes. The
sunburst view is rotated to show arguments in the same direction as in the stacked-boxes
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Focused node  
Sibling nodes  
First node of each level 
with its siblings 
Figure 4.13 The fifth version of the StackedBoxes show the text of parents, focused node, first child
node in each level, and siblings on the right and the sunburst on the left.
(Figure 4.14). By using the keyboard cursor keys, the users can navigate the stacked-boxes in
all directions, i.e. up/down and left/right, which allows fast and accurate navigation of the
argument structure (R3).
Figure 4.14 Rotate feature in the sunburst layout. When the user clicks on the focused node the
argument’s chain is reflected immediately in the StackedBoxes. The sunburst view is rotated to show
arguments in the same direction as in the StackedBoxes
As the stacked-boxes became the focus view for reading the text, the layout was changed
to make the stacked-boxes the main view on the left with the sunburst reduced to a small
overview figure on the right for viewing and navigating the overall structure. The stacked-
boxes list was displayed when users click on any node in the sunburst. To avoid having an
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empty view in the stacked-boxes view when the tool starts up, the node with the longest chain
was presented as a focused node at the start.
Furthermore, a search bar is available for users to search for specific words. Search results
will be highlighted using a darker shade of the original colour of the nodes as illustrated
in Figure 4.15. The idea behind keeping the colours was to allow the users to identify
the highlighted nodes as supporting or opposing. Because the layout of the stacked-boxes
does not display the full argument structure, some search results may not appear in the
stacked-boxes. Thus, a shortcut (Alt + S) was provided to help users navigate through all the
search results and pull all search results into the layout as the results are cycled through.
Figure 4.15 Search results in the stacked-boxes and the sunburst. The results are highlighted using a
darker shade of the original colour of the nodes.
The width (size) of siblings was updated to reflect the number of children in the whole
sub-tree instead of using a fixed width. However, this could occupy a lot of space due to the
potential number of children, therefore the width was again changed to reflect the number of
children only on the next level, as shown in Figure 4.16. The size (width) is calculated as
follows:
Nodes with no children have a fixed size equal to Size. Nodes with N children have the
SizeN = (N×Size+Size) = (N +1)×Size.
Linked arguments are presented in the stacked-boxes as sibling nodes. As it is important
to the user to read the texts of the linked arguments together, they are displayed in a single
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Node without children= Size1 
 
Node with one child= (1+1)*Size1 
 
Node with 2 children= (2+1)*Size1 
 
Figure 4.16 The sibling’s size in stacked-boxes with coordinated sunburst. The size reflects the first
level of the children.
node separated by a dashed line, as illustrated in Figure 4.17. The linked argument of interest
is placed at the bottom, so its children (if any) are displayed underneath it. Users can zoom
in and out (R4) to make the sunburst bigger or smaller.
Figure 4.17 The sketch of linked argument in StackedBoxes.
The StackedBoxes offers quick and fast navigation through the sibling nodes and children.
However, it could be challenging to navigate the structure through the sunburst while reading
the text in the coordinated view. Therefore, the initial sunburst prototype was adopted and
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the pop-up label was extended to become a stacked-labels or list of labels; more details are
presented in the next section.
4.2.1.3 Sunburst Pop-Up—Sunburst with pop-up labels
Due to its effectiveness in presenting an overview, the aim of this prototype was to enhance
the readability of text in the sunburst, without the need for a coordinated view for reading the
text. To reduce the amount of navigation required when reading the text on sunburst 4.2.1.1,
an integrated approach, and the simple node pop-up label were enhanced with stacked pop-up
labels called stacked-labels. The stacked-labels, i.e. boxes, are similar to those used in
stacked boxes, but are limited to only showing the parents of the focused node (no children
or siblings). The width and height of each box in the stacked-labels has the dimensions of the
wrapped text. The colours of the boxes are the same as the nodes in the sunburst, as clarified
in Figure 4.18. The chain on the sunburst is highlighted to reflect the stacked-labels. Also,
the border of the hovered node is coloured with black to distinguish it from the other nodes.
Figure 4.18 The Sunburst Pop-Up with stacked-labels showing all the highlighted premises until the
conclusion.
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The linked arguments are displayed in this technique with a bridge node which joins
linked nodes at the same level, as in Sunburst Node-Link. In the stacked-labels, linked nodes
are shown side-by-side on the same level (Figure 4.19).
Figure 4.19 A linked argument is presented in Sunburst Pop-Upwith a bridge node connecting the
linked nodes together.
Regarding the position of the stacked-labels, some issues were taken into consideration
while designing them such as minimising the area of sunburst structure hidden by the stacked-
labels and maintaining consistent logic of where they will appear (avoiding unexpected
jumping around the window). The following four options for stacked-labels positions were
proposed, as illustrated in Figure 4.20:
Upon implementing these four options, the list could go outside the window bor-
der in Stacked-Label-2 and Stacked-Label-3. Also, in Stacked-Label-1 the location of
the stacked-labels is presented far from the hovered node, especially when the node is far
from the centre of the sunburst. Also, changing the reading order can be confusing for
the users (changing between top-down and bottom-up reading of the stacked-labels) as
in Stacked-Label-2 and Stacked-Label-1. For this reason, Stacked-Label-4 was chosen
where the stacked-labels list is located inside the window.
The nested model [150] recommends getting a feedback from the end user to validate the
design. Therefore, the argument experts who were involved in the interviews of the users’
requirements were contacted, with respect to the StackedBoxes and the Sunburst Pop-Up, and
one expert accepted to volunteer. She tried both of the tools, and provided her feedback that
is listed below:
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Stacked-Label-1: has a fixed position close to the centre 
of the sunburst on the opposite side of window to where 
the mouse is positioned. It lists the labels in the same 
order as the arguments are visualised in the sunburst. 
The stacked-labels always present the nodes from the 
root to the hovered node, which means the list can flip 
between the top and bottom halves of the circle (Figure 
4.21) but is always located inside the available window 
space. 
 
  
Stacked-Label-2: shows the stacked-labels close to the 
hovered node, and in the same order as arguments are 
visualised in the sunburst, i.e. top-down or bottom-up 
(Figure 4.22). 
 
  
Stacked-Label-3: always displays the arguments from 
the root down to the hovered node, while the stacked-
labels are placed outside the sunburst and close to the 
hovered node (Figure 4.23). 
 
  
Stacked-Label-4: shows the argument from top-down to 
the hovered node. Based on the mouse position in the 
window and the size of the stacked-labels, the list is 
displayed in a location inside the window (Figure 4.24). 
The position of the stacked-labels is dynamic depending 
on whether the hovered node is close to or far from the 
centre as follows. First, the position of the hovered node 
is identified. Second, the width and height of the 
stacked-labels are calculated. Third, if the stacked-labels 
extend outside the window, a new position of the 
stacked-labels is calculated to keep it inside the window 
depending on the width/height of the window and the 
size of the list. 
 
Figure 4.20 The iterative design sketches of the Sunburst Pop-Up, each with two examples of hovered
nodes and stacked-labels to show the label placement strategies. The grey scheme reflects the hierarchy
structure, i.e. the root is coloured with a dark grey that shades lighter by level towards the leaf nodes.
The coloured nodes in the sunburst show the nodes in the coordinated stacked-labels.
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Figure 4.21 List-1 shows the list in the same order as the arguments, near the center of the sunburst
on the opposite side of window of the hovered node. The left and right figures show different list
positions depending on the hovered node.
 
Figure 4.22 List-2 shows the list near the hovered node and in the same order as arguments. The left
and right figures show different list positions depending on the hovered node.
(a) “I think overall this is a very helpful visualisation for quickly getting a sense of the
argument tree and the most significant topics.”
(b) “I can easily distinguish the pros and cons.”
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Figure 4.23 List-3 shows the list of labels from the top down to the hovered node and it is placed near
the hovered node. The left and right figures show different list positions depending on the hovered
node.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.24 List-4 shows the list of the argument from the top down to the hovered node. The list is
always allocated inside the window. The left and right figures show different list positions depending
on the hovered node.
(c) “It’s great that you outline the part of the diagram that the comments apply to in the
left panel.”
(d) “I like the text list (stacked-boxes), and the navigation using the keyboard is fast and
easy.”
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The stacked-labels list provides quick navigation and fast hovering to read the text.
However, the list only pops-up when hovering over the sunburst. One of the development
stages of the stacked-boxes (Figure 4.10) is reminiscent of an icicle plot; therefore, as an
alternative design, the icicle plot with a focus and context (F+C) technique was adapted to
enhance reading the text while providing an overview of the whole structure.
4.2.1.4 Icicle F+C—Icicle plot with focus and context
This technique is an adaption of an icicle plot to visualise the structure of the argument
while using F+C to read the text and focus on one argument chain (R5). The root node is
on the left-hand side, while the child nodes stretch towards the right. This orientation of the
icicle plot was chosen to present the text horizontally, which is more natural for reading and
also gives more space for the text. Furthermore, the columnar presentation keeps sibling
nodes in the same column which could also help in reading and navigating as illustrated
in Figure 4.25a and Figure 4.25b.
The text is truncated, wrapped and had a font size that changed based on the size of the
containing node. To allow the users to read the chain of the argument, the F+C technique was
applied which works when users click in any node of the icicle plot, as shown in Figure 4.25c.
It enlarges all parent arguments (to the left) and children. Also, it scales all expanded
argument boxes up to a size that fully shows the contained argument text. At the same time,
the text of the sibling nodes of the clicked nodes are displayed and enlarged, allowing users
to navigate through the siblings quickly. The text of all the other nodes are removed as there
is no space to present them, and they would to be unreadable, as shown in Figure 4.26.
The colour of the nodes in the Icicle F+C is the same as the other tools. If arguments
are linked, an additional box is introduced that bridges the boxes of these linked arguments
(Figure 4.27).
The algorithm of the F+C is presented in Figure 4.28 and described as follows.
1. Resize the sibling nodes of the parent’s chain to a fixed size.
2. Calculate the size of all the parent’s chain as (previous parent size – (size of sibling *
number of siblings)).
3. Calculate an (x, y) of the siblings and parents and move them.
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(a)
(b) (c)
Figure 4.25 The iterative design sketches of Icicle F+C: (a) first prototype shows the icicle plot in
vertical position; (b) second prototype with horizontal position to give more space for the text; (c)
icicle plot with F+C technique.
4. Calculate the clicked node size as 2*(clicked node parent size /number of children+1).
5. Calculate the clicked node siblings size as (clicked node parent size-clicked node
size)/number of children-1).
6. Calculate the clicked node children size as (clicked node size/ number of children of
the clicked node).
7. Enlarge the children of the clicked node.
8. Change font size for the clicked node chain based on the size of the containing node.
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(a) (b)
Figure 4.26 (a) The overview of the icicle plot; (b) shows collapsing unimportant parts of the argument
to allow the user to focus on the bit they are interested in while keeping the context of that part in the
whole argument.
 
Linked arguments 
Figure 4.27 Linked arguments in Icicle F+Cwith additional bridge to connect the linked nodes
together.
The Sunburst Pop-Up, StackedBoxes, and Icicle F+C help in satisfying the requirements
(R1, R2, R3, R4, R5). R6 in the users’ requirement emphasises the importance of providing
the user with the number of support/oppose relations. To satisfy this requirement, a pie chart
was used that shows the number of support/oppose nodes on a focused chain throughout all
the tools. When the tool starts up the pie chart reflects the whole number of supporting and
opposing relations. The number is updated when users hover through the graph or click on
a specific node (Figure 4.29). Table 4.3 illustrates how the requirements in the tools were
achieved.
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Start 
CNS=2*(CNPS/NOC+1) 
SOS = FS 
Is it 
CN? 
Move SN and P 
end 
PS = PPS - (SOS*NOS) 
Move CN, CNC and SN  
CNSS=(CNPS-CNS)/NOC-1 
CNCS=CNS/NOC 
Yes 
No 
- Fixed Size (FS) 
- Size of Sibling (SOS) 
- Parent Size (PS) 
- Previous Parent Size (PPS)  
- Number of Siblings (NOS) 
- Number of Children (NOC) 
- Sibling Nodes (SN) 
- Parents (P) 
- Clicked Node (CN) 
- Clicked Node Size (CNS) 
- Clicked Node Parent Size (CNPS) 
- Clicked Node Children Size (CNCS) 
- Clicked Node Children (CNC) 
Figure 4.28 F+C algorithm chart.
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Figure 4.29 A pie chart reflects the number of nodes in a graph.
Table 4.3 The accomplished requirements in the tools.
Requirements Implementations
R1 Sunburst layout in StackedBoxes and Sunburst Pop-Up tools.Icicle plot in Icicle F+C tool.
R2
Stacked-labels in Sunburst Pop-Up tool.
F+C in Icicle F+C tool.
Stacked-boxes in StackedBoxes tool.
R3 Use highlighting for argument chain and dark border for focused node.
R4 Users can zoom in and out to make the layout bigger or smaller.
R5 Uses F+C technique in the icicle plot.
R6 Uses a pie chart that shows the number of support/oppose nodes.
Having followed the nested model [150] and as part of the user-centred design, involving
the user in the design is an important part of validation. For this reason, the experts were
contacted for validation and feedback. Consequently, one of the experts agreed to be involved
in the validation process. The three tools and all the features were explained to the expert,
then she tried the tools and provided her informal feedback:
“I liked the StackedBoxes in the way that you present the whole chain of the argument,
and at the same time, it allows us to go through the content of the children in an easy way.
The technique you used in Icicle F+C is good that it presented all the content of the clicked
node, but I lost the overview in the layout. In my opinion, combining between two views of
visualisation, one for structure and one for the content is a promising solution to solve the
problem of the large arguments. For the content, I like the linear layout which is almost
similar to your stacked-boxes”. During the interview, the advantages and disadvantages of
each tool were discussed. Consequently, ideas about the evaluation process and tasks were
considered.
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Red and green colours were used for support and oppose statements in the argumentation
community, respectively. This scheme is based upon an established colour encoding that is
widely used in existing ArgVis tools, but it is not accessible for users with a Colour Vision
Deficiency (CVD). In Figure 4.30, the Colour Blindness Simulator1 was used to show how
people with CVD will see the red and green colours of our proposed prototype.
Figure 4.30 The red and green colours for people who suffer from CVD.
In later prototypes, the Color Brewer palettes2 was used. It offers option to choose the
colours for colorblind safe [164]. Blue and orange were applied for support and oppose
relations, respectively [165]. These colours were applied to all the tools by simply changing
the colour variable in CSS, as shown in Figure 4.31, Figure 4.32, and Figure 4.33.
4.3 Summary
Having identified a set of requirements, based primarily on interactions with experts, several
tools were designed and constructed. To understand the domain problem, which was done
by interviewing seven argumentation experts. During the interviews, the difficulties and the
1https://www.color-blindness.com/coblis-color-blindness-simulator/
2http://colorbrewer2.org/
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Figure 4.31 The Sunburst Pop-Up with blue and orange colours.
Figure 4.32 The StackedBoxes with blue and orange colours.
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Figure 4.33 The Icicle F+C with blue and orange colours.
obstacles the experts faced when using existing ArgVis tools were discussed. To satisfy these
requirements, the Sunburst Node-Link tool was proposed. Reflecting on the pros and cons of
this tool, three other tools for presenting argument data were designed; a novel tool called
StackedBoxes, Sunburst Pop-Up, and Icicle F+C. The first tool was a coordinated view that
links a new design called stacked-boxes with the sunburst. The aim of stacked-boxes was to
read and navigate the arguments. stacked-boxes passed many cycles of design development
until the final version that allows users to read the text and easily navigate through the
structure. The second tool (Sunburst Pop-Up) was the sunburst with the stacked-labels
displayed when the user hovers over the sunburst. This stacked-labels list reflected the
argument chain from the root to the hovered node. The third tool (Icicle F+C) used the icicle
plot with the F+C to help read the text. The F+C enlarged all the parents of the focused node
at the expense of the other parents, which made the text in the whole chain of the focused
node readable.
To summarise, several techniques and tools for ArgVis were proposed. Three of those
prototypes, namely StackedBoxes, Sunburst Pop-Up, and Icicle F+C, satisfy the main user
requirements especially when the number of the argument elements arises into a hundred;
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providing the overview of the structure (R1), reading the text of argument statements (R2),
and providing user interactions with the arguments (R3, R4, R5, R6). To evaluate these
prototypes, a user study is carried out, and quantitative and qualitative data is collected and
thoroughly analysed in the next Chapter.
Chapter 5
Evaluation of Argument Visualisation
Tools
In order to comprehensively assess the techniques and tools proposed in Chapter 4, two
evaluation studies were undertaken: a controlled user study and an expert review [152]. Two
evaluation studies are conducted due to the difficulty in finding a good number of experts
to evaluate our tools. The non-expert feedback would provide useful information about
the three tools, which could be used to improve the prototypes before the final testing with
experts whose time is valuable. The first study, i.e. a controlled user study, is performed in
order to collect quantitative measurements of time and errors, and qualitative feedback about
each of the three tools. Three different datasets were chosen from the argument visualisation
website, DebateGraph [4]. The second study, i.e. an expert review, is conducted with a
small number of experts to obtain performance results from the perspective of those who are
actively working the argumentation domain [152]. The results of both evaluation methods
are analysed and discussed in this Chapter. Improvements in the proposed tools as a result of
the evaluations are also presented.
5.1 Controlled User Study
Evaluation in InfoVis is challenging because of the difficulty in identifying the right evaluation
technique, choosing the most relevant tasks for evaluating the system, selecting the correct
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number of participants and analysing the collected data [153]. Lam et al. presented seven
evaluation scenarios in InfoVis [154] as follows:
- Draw out the requirements of the design by understanding the problem domain and work
practices, e.g., field observation, interviews and laboratory observation.
- Evaluate the visual data analysis like a case study.
- Evaluate how visualisation can help in communication which can be achieved using field
observations and interviews.
- Evaluate decision making using InfoVis, like heuristic evaluation.
- Measure the performance of the visualisation design, such as a controlled experiment, and
this evaluation is used to check the performance and interaction of people with specific
visualisation. Additionally, it can be used to compare novel techniques with others.
- Evaluate the performance of the visualisation algorithm.
- Get feedback from the users about the proposed visualisation, like an informal evaluation
and laboratory questionnaire.
Measuring the performance of the visualisation design was chosen for our evaluation, as
the three tools (StackedBoxes, Sunburst Pop-Up, Icicle F+C) were compared to check which
one seems to help the users perform better in specific tasks. There are four main steps in
this study; a) define the hypothesis, b) determine the independent variable, c) measure the
dependent variables, and d) apply relevant statistical tests to the results [153]. To verify the
user requirements that the proposed tools have satisfied, and explore their advantages and
shortcomings, a usability study was run to seek answers to the following questions:
Q1: Which layouts better support the overview in arguments datasets?
Q2: Which techniques better support reading the text?
Q3: Does coordinated view (StackedBoxes) improve or degrade the performance (time and
error) compared with the integrated views (Sunburst Pop-Up and Icicle F+C)?
In addition, information about each tools’ performance, usability, and interactive features
was collected based on one-to-one sessions.
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5.1.1 Hypothesis
To answer the aforementioned questions, the hypotheses for this study are:
H1: Sunburst layout (StackedBoxes, Sunburst Pop-Up) performs better (time and error) than
an icicle layout (Icicle F+C) in showing argument structure. The sunburst layout in
the Sunburst Pop-Up and the StackedBoxes is one of the top performing visualisation
techniques [75].
H2: Icicle F+C is better (time and error) than the Sunburst Pop-Up in reading the text;
Icicle F+C provides a better technique for reading the text than Sunburst Pop-Up as
the position of the stacked-labels is not fixed.
H3: The coordinated view (StackedBoxes) is more accurate (time and error) than the other
two tools; it allows the user to read the text carefully and navigate through the siblings,
whereas, the sunburst shows the overall structure of the arguments.
5.1.2 Tasks
By analysing the interviews which discussed in Chapter 4, three representative tasks were
generated, and each aims to test different aspects of argument understanding. The tasks
focus on some of the requirements listed in subsection 4.1.1, which are overview and
details, showing the argument elements, and navigation as shown in Table 5.1. One of the
experts involved in the user requirements was contacted and our tasks were discussed with
him/her. Each task has a corresponding question in the study. In Table 5.1, the steps that the
participants should take to answer each question were illustrated and the relations between
the tasks and the requirements were clarified.
• Content and Structure (CS): In this task, which is related to R1 (seeing the overview),
R2 (reading the text), and R3 (navigating) of the user requirements, the participants
were asked to find the reasons or explanations that support or oppose a given statement
based on the topic. The user needs to look for a specific premise and read the reasons
connected with this argument to find the answer (content). There are two questions
for this task: one question related to the node near the centre and the second question
associated to node far away from the centre. These two questions explore the difficulty
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of navigating nodes in the sunburst and the icicle layouts when nodes are far away
from the centre.
• Content (C): Here, the participants were asked to look for all those statements which
include a specific word, e.g., ‘energy’. The user has to use the search feature and read
the argument text to find the given word. This task is connected to R2 (reading the
text) and R3 (navigating) of the user requirements.
• Structure (S): In this task, which addresses (R1) (logic flow of the argument) of the
user requirements, the participants were asked about the structure of the arguments.
The participants should survey the whole structure and check the relations between the
argument elements to find the correct answer. To examine that the structure is clear,
the participants were asked not to count the nodes on the graph.
Table 5.1 The relations between the tasks and user requirements and the steps of answering the survey
questions.
Requirements
Tasks Procedure to answer the survey questions
R1 R2 R3
CS
Look for a specific argument.
Navigate through all the reasons.
X X X
C
Search for a specific word.
Read all the search results to find the answers.
X X
S Check the argument structure X
5.1.3 Participants and Setting
Isenberg et al. [166] surveyed 581 papers from IEEE visualisation conferences to review the
types of evaluation these papers have used and the number of participants. Many evaluation
studies used 1-5 participants, while (11 - 20) participants is a large number in the user
experience and performance study. For this study, in the first stage of evaluation there were
21 participants (13 males, 8 females), aged 25–37. They all had normal or corrected-to-
normal vision without any colour impairment. 12 of the participants were PhD students in
computing or engineering, and 9 were working as researchers. All of the participants did
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not have any background in ArgVis. The study was run on the Intel Core i7 and 15-inch flat
screen with a resolution of 1920 x 1080 pixels. The participants were asked to fill in the
ethical form, presented in the Appendix B, which was the agreement of free participation in
this study, and the freedom to withdraw at any time the participants like.
5.1.4 Dataset
It was challenging to get a dataset where the number of nodes exceeds 100 on an interesting
and useful subject. Having a single dataset can influence the participants’ performance in
favour of the tool that comes last in the study. Thus three different datasets were selected to
evaluate the three proposed tools. Three common and understandable topics, which did not
require prior knowledge, were chosen in order to understand the argument and answer the
questions: climate change, the future of printed newspapers, and obesity. The datasets were
collected from DebateGraph [4], which was chosen as it has datasets with diverse topics.
David Price, the co-founder of DebateGraph, provided his consent to use those datasets.
Our data included 202 nodes and 201 relations for climate change, 200 nodes and 199
relations for the future of printed newspapers, and 221 nodes and 220 relations for obesity.
The relations have two types, opposing and supporting ones between the statements in the
hierarchy structure. The statements can be convergent or linked as in section 2.2.
5.1.5 Procedure
Three pilot studies with three different volunteers were undertaken to check the time and
difficulty of the study, before the evaluation with the participants was started. All of them
did not have any background in ArgVis. Upon completing these three studies, some changes
to the study’s questions were performed to clarify them. In addition, a printed copy of the
instructions was provided for participants to help them during the study.
Each session in the evaluation lasted between 30 and 60 minutes and started with an
explanation of the aim of the study and clarification of how each tool works. Three trial
questions, one for each tool, were given before starting the study to allow the participants
to become familiar with the tools and raise questions. The printed instructions regarding
the three tools were provided to the participants which they can keep during the study
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(Appendix C). The study consisted of three blocks; each block presented a tool with four task
questions representative to our tasks CS, C, and S as shown in Table 5.2, followed by three
questions about the subjective usability of the tool as illustrated in Table 5.3. To minimise
the impact of the tools’ order and datasets on the study and participants performance, all
possible combinations of tool-topic were covered and assigned to participants randomly.
Before seeing the visualisations and answering the questions, participants were first
prompted with the question. After having understood the question, participants pressed a
button and could access the visualisation. Pressing the button would activate a timer to
measure how long it took participants to find an answer. Not all people have the same speed
ability to type on the keyboard. To avoid letting this affect our time analysis, the participants
needed to right-click on any node, and the answer was transferred immediately to the answer
box.
Response time and accuracy were stored in the database for all the questions. Also, the
entirety of each session was recorded using an audio recorder. At the end of the session,
participants were asked to order the tools based on their preference and provide the reason(s)
for their selection and additionally to provide general comments or feedback.
Table 5.2 Questions about each dataset, related to the tasks CS, C, and S for the different datasets.
Dataset Questions CS C S
Obesity
Please provide any two statements which detail actions that help to tackle obesity and reduce it. X
Which statement explains why some companies use fructose instead of cane sugar? X
Which statements mention the term eating? X
Which statement has the most immediate supporting statements (without opposing statements)? X
Climate Change
Please provide two statements which explain the role of fossil fuels in climate change. X
Please provide any two statements which mention the relation between climate change and water vapour. X
Which statements mention the term energy? X
Which statement has the most immediate opposing statements (without supporting statements)? X
Newspapers
Please provide any two statements which explain how newspapers should enforce their copyright. X
Please provide one statement which mentions who provides the best coverage of any newsworthy event. X
Which statements mention the term source? X
Which statement has the longest argument chain (excluding the parent node)? X
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Table 5.3 The three 5-point Likert scale subjective usability questions about participants’ experience
on using the relevant tool.
Tool Questions Reading Search Layout
StackedBoxes
How did you find the pop-up list of labelling when browsing for reading the text? X
How easy was it to see the result of a search on the argument map? X
How easy was it to explore the structure of the argument map? X
Sunburst Pop-Up
How did you find the pop-up list when browsing for reading the text? X
How easy was it to see the result of a search on the argument map? X
How easy was it to explore the structure of the argument map? X
Icicle F+C
How did you find the F+C functionality of the Icicle layout? X
How easy was it to see the result of a search on the argument map? X
How easy was it to explore the structure of the argument map? X
5.1.6 Results
5.1.6.1 Variables:
There are two types of variables in our results; the first are the independent variables which
are the three tools. The second are the dependent variables which could be influenced by the
independent variables. In our case, they are the time, error and accuracy.
To decide which statistical test needs to be implemented, the selection process illustrated
in Figure 5.1 was applied. There are two hypotheses for the statistical test, first is a null
hypothesis where there is no difference between the two or more samples. The second
hypothesis is the opposite, where there is a difference between them. The time and the
error for each task were checked if they follow a normal distribution or not by applying the
Shapiro-Wilk test as the number of samples in our study is 21, that is less than 2000 elements.
If p < 0.05, data do not follow a normal distribution. Also, the samples were checked if
they are paired using the “Two-Related-Sample” test, i.e. if there are any differences in the
mean or not. If p < 0.05, the samples are paired. As the three tools were compared, the
p-value was adjusted by using Holm’s Sequential Bonferroni correction [167]. The simple
Bonferroni correction rejects only null hypotheses with the p-value less than (0.05/m), where
m is the number of comparison pairs. If the result of the statistical test shows that there
is a significant difference between the three tools, then another statistical test was applied
between the two tools to determine whether they are significantly different, which is called
Pairwise Comparisons.
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Figure 5.1 The selection process for the right statistical test [168].
5.1.6.2 Time
The time spent by the users to complete the tasks of Sunburst Pop-Up, Icicle F+C, and
StackedBoxes significantly deviated from a normal distribution as the p < 0.05 of the Shapiro-
Wilk test illustr t d in Figure 5.2, Figure 5.3, and Figure 5.4 shows respectively.
Figure 5.2 The time result of the normality of Sunburst Pop-Up tool.
After that, the“Two-Related-S mpl s" test was applied, and the result showed that the
samples were not paired (p > 0.05). Regarding Figure 5.1, the Kruskal-Wallis test was
applied for comparing the result of the three tools. The most important values that should be
considered in the Kruskal-Wallis test tables are [169]:
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Figure 5.3 The time result of the normality of Icicle F+C tool.
Figure 5.4 The time result of the normality of StackedBoxes tool.
Chi-Square: a larger value indicates larger differences between the samples.
Asymp.Sig: the (p-value). If p > 0.01, the differences between the samples are not statisti-
cally significant.
The results in Figure 5.5, Figure 5.6, Figure 5.7, and Figure 5.8 show no significant
difference between the three tools with respect to the time taken to answer the questions in
all the tasks. The p-value is higher than 0.01 in all the Kruskal-Wallis tests for the tasks;
CSN (p = 0.91 > 0.01), CSF (p = 0.027 > 0.01), C (p = 0.850 > 0.01), S (p = 0.246 > 0.01).
Figure 5.5 The result of Kruskal-Wallis test for the CSN task.
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Figure 5.6 The result of Kruskal-Wallis test for the CSF task.
Figure 5.7 The result of Kruskal-Wallis test for the C task.
Figure 5.8 The result of Kruskal-Wallis test for the S task.
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The average time, in minutes, for each tool is illustrated in Figure 5.9. The participants
have spent the least amount of time, 6.1 minutes, to answer the questions in Sunburst Pop-Up
compared with the Icicle F+C questions which recorded the highest at 7.7 minutes, with the
StackedBoxes questions taking 7.5 minutes.
Figure 5.9 The average time, in minutes, for each tool.
5.1.6.3 Error
To analyse the error in the CS task, the node near the centre (CSN) and far from the centre
(CSF) were considered in our analysis.
The error in the CSN was found not to follow a normal distribution as p < 0.05, as in Fig-
ure 5.10, for all tools. Also, the data were not paired samples. As a result of implementing
the process shown in Figure 5.1, the Kruskal-Wallis test was applied for significance testing.
The result showed a significant difference (p = 0.007 < 0.01) between the tools, as shown
in Figure 5.11.
For pairwise comparison, the Mann-Whitney test was employed. The most important
values that should be considered in the Mann-Whitney test tables are [169]:
Mann-Whitney U and Wilcoxon W: they summarise the difference in mean rank numbers.
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Figure 5.10 The result of normality for CSN.
 
 
 
Kruskal-Wallis Test 
 
 
 
 
 
Figure 5.11 The result of Kruskal-Wallis test for CSN.
Asymp Sig: the (p-value). If p > 0.01, the differences between the samples are not statisti-
cally significant.
The results of the tests are illustrated in Figure 5.12, Figure 5.13, and Figure 5.14. The p =
0.004 < 0.01 between Sunburst Pop-Up and Icicle F+C, so Sunburst Pop-Up, with average
error of 5% as in Figure 5.15, performed better in the CSN task than Icicle F+C, with average
error of 43%. There were no other differences can be found in these results.
The error in the CSF task was also found not to follow a normal distribution (Fig-
ure 5.16) and it was not paired samples as well. The Kruskal-Wallis test was applied for
significance testing and the result in Figure 5.17 shows that there is a difference between the
tools (p = 0.009 < 0.01).
For pairwise comparison, the Mann-Whitney test was employed. The results of the
tests are illustrated in Figure 5.18, Figure 5.19, and Figure 5.20. The p = 0.009 < 0.01
Chapter 5: Evaluation of Argument Visualisation Tools 91
 
 
 
Figure 5.12 The results of the Mann-Whitney test between Sunburst Pop-Up and Icicle F+C in the
CSN task.
 
 
 Figure 5.13 The results of the Mann-Whitney test between Icicle F+C and StackedBoxes in the CSN
task.
 
 
 
Figure 5.14 The results of the Mann-Whitney test between Sunburst Pop-Up and StackedBoxes in the
CSN task.
between Sunburst Pop-Up and Icicle F+C, so Sunburst Pop-Up, with average error of 14%
as in Figure 5.21, performed better in the CSF task than Icicle F+C, with average error of
52%. There were no other differences can be found in these results.
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Figure 5.15 Average error for CSN by tool.
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Figure 5.16 The result of normality for CSF.
Error for C was found not to follow a normal distribution (p < 0.05), as illustrated in
Figure 5.22. Following Figure 5.1, the Friedman test was chosen as the data is not normally
distributed and it is paired sample.
The most important values that should be considered in Friedman test tables are [169]:
The mean ranks: if the original variables have similar distributions, then the mean ranks
should be roughly equal.
Asymp Sig: is our significance level (p). If p > 0.01, the differences between samples are
not statistically significant.
The result (Figure 5.23) showed that p = 0.004 < 0.01, so there is a significant difference
between the tools. For pairwise comparison, the Wilcoxon signed rank test was applied
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Figure 5.17 The results of the Kruskal-Wallis test for CSF.
 
 
 
Figure 5.18 The results of the Mann-Whitney test between Sunburst Pop-Up and Icicle F+C in the
CSF task.
between each pair of the tools. The most important value that should be considered in
Wilcoxon signed rank test tables are [169]:
Asymp Sig: the p-value. If p > 0.01, the differences between the samples are not statistically
significant.
The outcomes showed that Sunburst Pop-Up (average error 19%) performed better in the
C task than Icicle F+C (average error 71%, p = 0.002), as clarified in Figure 5.24 and
Figure 5.25. There were no other differences can be found between the results.
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Figure 5.19 The results of the Mann-Whitney test between Icicle F+C and StackedBoxes in the CSF
task.
 
 
 
Figure 5.20 The results of the Mann-Whitney test between Sunburst Pop-Up and StackedBoxes in the
CSF task.
For the S task, it was found not to follow a normal distribution (p < 0.05), as illustrated
in Figure 5.26. They were not paired samples so the Kruskal-Wallis test was applied. The
result showed that p = 0.357 > 0.01, so no other differences can be found, as in Figure 5.27.
The average error is higher for Icicle F+C than the two other tools (StackedBoxes= 24%,
Sunburst Pop-Up= 19%, Icicle F+C= 38%), as demonstrated in Figure 5.28.
5.1.6.4 Subjective Ratings
The participants were asked to provide feedback about their experience of each tool during
the evaluation. They rated each of the three tools across three satisfaction questions covering
the search, reading the text, and exploring the structure of the argument using the layout.
Responses were on a 1-5 Likert scale, where 1 = Very easy and 5 = Very difficult.
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Figure 5.21 Average error for CSF by tool.
Figure 5.22 The result of the error normality of the C task.
Figure 5.23 The C result of the Friedman test.
For search results, were found not to follow a normal distribution (p < 0.05) in all tools,
as shown in Figure 5.29. The samples were not paired.
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Figure 5.24 The result of the Wilcoxon test for C.
Figure 5.25 Average error for C by tool. Bars represent Stacked Boxes, Sunburst Pop-Up, and Icicle
F+C.
Figure 5.26 The result of the error normality for S.
The Kruskal-Wallis test was applied to compare the three tools. The test showed that
there was no difference between the three tools (p = 0.097 > 0.01), as depicted in Figure 5.30.
Figure 5.31 clarified that the user found that Sunburst Pop-Up and StackedBoxes were the
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Figure 5.27 The result of the Kruskal Wallis test for S.
Figure 5.28 Average error for S by tool.
easiest compared with Icicle F+C in finding the search results, which scored the highest
number in difficulty (33%).
For text reading, it was found not to follow a normal distribution (p < 0.05), as shown
in Figure 5.32 and the samples were paired. For this reason, Friedman’s ANOVA was applied
and it showed a significant difference between tools (p < 0.01), as illustrated in Figure 5.33.
A Wilcoxon signed rank test for pairwise comparison showed that the F+C technique in Icicle
F+C was the difficult technique with p< 0.01 between Sunburst Pop-Up and Icicle F+C and p
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Figure 5.29 The result of normality for search.
Figure 5.30 The result of Kruskal Wallis test for search.
Figure 5.31 The percentage of search results by tool.
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= 0.001 < 0.01 between StackedBoxes and Icicle F+C, as shown in Figure 5.34. Additionally,
the results in Figure 5.35 clarified that the Sunburst Pop-Up (33%) and StackedBoxes (33%)
were the easiest techniques compared with Icicle F+C (10%).
Figure 5.32 The result of normality for reading text.
Figure 5.33 The result of the Friedman test for reading text.
Figure 5.34 The result of the Wilcoxon test for reading text.
For using tool, it was found not to follow a normal distribution (p < 0.05), as in Fig-
ure 5.36 and they were paired samples.
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Figure 5.35 The percentage of reading text results by tool.
Friedman’s ANOVA test was applied, and the result showed a significant difference (p <
0.01) between the tools (Figure 5.37). A Wilcoxon signed rank test for pairwise comparison
showed that Sunburst Pop-Up is preferred over Icicle F+C and StackedBoxes (Figure 5.38).
The results in Figure 5.39 clarified that the Sunburst Pop-Up (38% of participants found
it very easy) and StackedBoxes (57% found it easy) were the most straightforward tools
compared with Icicle F+C (29% found it difficult).
Figure 5.36 The result of normality for using tools
At the end of the study, the participants were asked to rank the tools from the most
preferred to the least, as shown in Figure 5.40. The Sunburst Pop-Up was the most preferred
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Figure 5.37 The result of the Friedman test for usability.
Figure 5.38 The result of the Wilcoxon test for usability.
tools (62%), while the Icicle F+C is scored as the third favourite tool (57%), illustrated
in Figure 5.41.
Some comments provided by the participants about their favourite layouts are listed
below:
P1: “I like the Sunburst Pop-Up technique as it is straightforward, easy to use and under-
standable.”
P2: “When I used the Sunburst Pop-Up, I felt comfortable to answer the questions as it
is easy to spot the structure of the arguments. In StackedBoxes the clicking on any
nodes on the sunburst and see how the arguments flow on another view is good, but
this technique took some time for me to get used of it. For me, the Icicle F+C is not
tidily presented and I feel it is a messy picture.”
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Figure 5.39 The percentage of usability results by tools.
Figure 5.40 The study question about the preferred tools.
P3: “Regarding the Icicle F+C, I did not like the presentation and feels that it is awful.
Finding the results of the search is difficult. I liked the StackedBoxes; the navigation
using the keyboard is a nice feature, especially using Alt+S to navigate through the
search results. I did not use the sunburst in the coordinated view at all until I came
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Figure 5.41 The order of preferred for each tool, ranked by the participants.
through the question that related to the structure. I loved Sunburst Pop-Up as it is very
easy to navigate and read the text and it is my favourite.”
P4: “I liked the Icicle F+C as I can easily read the text. It is difficult to find the search
result in this layout because the nodes are tiny when we go far away from the centre.
StackedBoxes I liked the navigation through the keyboard and jumping immediately
through the search results. However, I found this layout very difficult to read and
navigate. Sunburst Pop-Up the structure is very clear. I struggled with the position
of the list and the navigation in this one. I wish that the Alt+S is applied for all the
techniques.”
P5: “I hate the Icicle F+C. It is not familiar to the eyes. The size of the nodes is very
different, and some nodes are tiny. The Sunburst Pop-Up is very easy; the structure is
clear. Nothing complicated in it.”
These comments show that the participants found the sunburst layout to display the
structure more easily than the icicle plot. In the following section, the evaluation results and
the hypotheses are discussed in details.
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5.2 Discussion
Our goal with this study was to identify the tool that performed better across our three tasks
concerning time and error. Results suggested that there was no significant difference in time
between the tools. However, the time that the participants spent to answer the questions
in Sunburst Pop-Up was less than other tools. Also, Sunburst Pop-Up demonstrated better
performance than Icicle F+C in the CS and C tasks. There is no difference between the three
tools in the S task. However, the average error in the Sunburst Pop-Up (19%) is less than
the other tools (StackedBoxes 24% and Icicle F+C 38%). A possible reason is that sunburst
in Sunburst Pop-Up and StackedBoxes has an explicit structure. Also, the stacked-labels
makes it easy to read the text.
Regarding the subjective rating, our results show that Sunburst Pop-Up is the easiest tool
to navigate. Also, the participants found the stacked-labels straightforward for reading text
with some comments about the position of the list. This is evident in Table 5.4 which reflects
that the accuracy of the Sunburst Pop-Up is highest in all the tasks compared with the other
two tools. Additionally, the accuracy of the StackedBoxes is higher than the Icicle F+C. The
StackedBoxes includes many features, which requires more time for the participants to get
used.
Therefore, referring to our hypotheses in section 5.1.1, H1 concerning the accuracy can
be accepted that Sunburst Pop-Up performed better, and that the participants preferred it to
Icicle F+C. The evaluation results showed the stacked-labels approach to be better than the
F+C in Icicle F+C, so H2 was rejected. H3 can not be accepted or rejected as our results
do not show evidence that StackedBoxes are more or less accurate than the other tools in
the statistical test. However, the StackedBoxes is preferred over the Icicle F+C as shown
in Table 5.4.
Table 5.4 The accuracy of the three tools in all the tasks.
Stacked Boxes Sunburst Pop-Up Icicle F+C
CSN 86% 95% 57%
CSF 81% 85% 48%
C 48% 81% 29%
S 76% 81% 62%
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To conclude, Sunburst Pop-Up performed better than other tools and was preferred
by the participants. Some suggestions were made to improve the position of the stacked-
labels. In 4.2.1.3, another three options for the position of the stacked-labels were proposed,
implemented, and discussed with the experts during the interviews.
5.3 Expert Feedback
Expert’s (analysts) reviews are a valuable and quick way to evaluate visualisation tools.
However, the experts are not always available, and their precious time makes it difficult to
get a large number of them involved in the evaluation.
Four experts were interviewed to evaluate the three tools from the argumentation per-
spective. The experts work on different argument domains including argument visualisation,
argument mining, and sustainable travel behaviours. Three of the experts were involved in our
user requirements collection interviews. Each one-to-one interview lasted between 60 and 90
minutes. In the evaluation session, the previous three tools were explained. The experts tried
the three tools and conversed about the proposed new three positions of the stacked-labels.
The advantages and disadvantages of each one were discussed.
The interviews with the first two experts showed that they were in favour of the Stacked-
Boxes tool. The stacked-boxes offers a fixed framework to read the text and navigate through
the nodes. The feedback from the experts are listed below:
(E1): “The StackedBoxes is my favourite. I love the radial visualisation (sunburst) which
show me the arguments’ structure, the relationships between them. The way of pre-
senting the text is incredibly readable. Something I like in Sunburst Pop-Up and miss
in the StackedBoxes is the navigation through the nodes in radial which help me read
the text fast without losing the structure. I am now working on the project to create
datasets using one tool to present the argument. This tool uses a node-link layout. I
cannot create an argument visualisation more than 30 or a maximum of 50 nodes. If
we have visualisation like the one you presented to me now, it will be scalable and
acceptable more for the end users."
(E2): “I do not like the Icicle F+C; it has some good features like showing the thread of
the arguments. However, at the same time, the nodes become very small when you go
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far away from the centre. It does not give the sense of overview which does not help
me to engage in answering the questions. I really like the radial one (sunburst), and
it is easy to see the structure of arguments. I like that the feature give the number of
nodes, and it is useful to know how many nodes in total. I like the way you present the
search nodes, and you did not change the colour only make the nodes darker which
I still know that the node is supporting or opposing. The Sunburst Pop-Up is very
attractive, but to read the text I should go over the nodes, it is a useful feature for quick
navigation, but I prefer the boxes one.”
Due to the strong agreement, following these interviews, the combination between the
StackedBoxes and Sunburst Pop-Up tools were proposed before proceeding (Figure 5.42).
The combination aims to display one argument chain in the stacked-boxes and allow users to
navigate through the sunburst layout to explore and read more arguments using the stacked-
labels. This combination is especially helpful if the user wants to compare two arguments.
In this case, the text of one argument can be displayed in the stacked-boxes, and users can go
through the sunburst layout and read the text of the other argument using the stacked-labels.
The combination satisfies user requirement R8. After implementing the combined prototype,
our interviews were continued with the other two experts. During these interviews, the
four tools were presented. The experts agreed with the previous two that the StackedBoxes
tool is helpful to read and navigate through the text. They have also acknowledged the
benefits of the combined prototype especially in terms of the offered navigation features and
suggested highlighting the stacked-labels chain in the sunburst to improve the navigation.
Some feedback from the experts is transcribed below:
(E3): “I like the radial presentation in general. It gives the overall of a graph. It is more
compact than the node-link representation. I think the node-link addressed the big
problem, as it became complex and hard to get the overview when the nodes over 50.
I do not like that the list of labels covers the structure of the radial. I also like Icicle
F+C, the text in it is more readable. The disadvantage of this presentation from my
opinion is that I feel that the first level of nodes is more important than the one in the
bottom. This presentation may be misleading to the user. I prefer the combination
between StackedBoxes and Sunburst Pop-Up which give more option for reading the
text and navigation.”
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(E4): “Form my respect for the one who spent a lot of time trying to present the structure
of the arguments, the combination between the Sunburst Pop-Up and StackedBoxes is
useful for me than the other individually. The combination makes a lot of sense for
the people who are working in argumentation. It gives us the benefit of seeing the
overview structure merged with the benefit of reading and navigate the text, faster
through the stacked-labels or by a fixed view. The icicle view works nicely, but the
radial is easier and intuitive to understand the structure than an icicle. Also, the radial
is easy to engage and easy to see the depth and density of the arguments. Although,
some advantage of the icicle is the size of the node that can hold the text.”
Figure 5.42 The combination prototype between sunburst with pop-up labels and stacked boxes with
radial layout.
The positions of the stacked-labels was discussed with the experts. The result showed
that the Stacked-Label-2 is preferred as it is near the focused node and shows the same order
of the arguments in the graph.
5.4 Summary
In this Chapter, the three tools were evaluated in two stages. The first one was a user study
with twenty-one participants and the second was with four argumentation experts. Both
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expert and non-expert users agreed that the sunburst layout presents the overview of the
arguments data and the argument structure better than the icicle plot. Also, three participants
mentioned that they could not understand the structure at all in the icicle. However, the text
in the first tiers of the icicle layout can be easily read due to the large size of the nodes in
these tiers.
With respect to reading the text, non-expert users found the stacked-labels fast and easy
to use. Also, they feel that they needed more time to get used to the StackedBoxes. On
the other hand, using the keyboard in navigating the stacked-boxes was complimented as a
useful feature. The same positive comments were received for having a keyboard shortcut to
jump between the search results. From the experts’ perspective, they need to read the text
carefully and understand it to analyse the structure of the argument, which they can do using
the StackedBoxes. Meanwhile, the separate radial layout is good to show the overall structure
of the arguments.
In the next Chapter, the contributions of this research are summarised. Then, limitations
and future work are discussed.
Chapter 6
Conclusion and Future Work
This research aims to provide argument experts with techniques and tools to help understand
arguments by providing the balance between an overview of data and the details of the
argument when the argument dataset exceeds a hundred nodes. The main challenge facing the
development of argument tools is that argument data is textual and thus, needs considerable
space to present and explore. Also, having an overview of the structure and the ability to
examine the details are essential to understand arguments. To achieve this, the research
questions that motivated this research were laid out in Chapter 1:
• “[Q1] Which visualisation techniques should be deployed to provide an overview of
argument structure?”
• “[Q2] How can visualisation techniques help to provide legible text for reading argu-
ment contents while still providing an overview of structure?”
To answer these questions, the literature and research surrounding argumentation and ArgVis
tools were reviewed. Also, interviews with seven argument experts were conducted to
investigate and collect the requirements of ArgVis tools and techniques. The collected
requirements can be summarised as follows:
(R1) Present arguments all at once to discover how they connect with each other. Also,
explore the relations between argument elements
(R2) Be able to read the argument content
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(R3) Allow argument experts to keep track of where they are relative to the overall argument
structure
(R4) The ability to zoom in and out to navigate the graph
(R5) Collapse unneeded arguments
(R6) Provide a summary of the argument relations types
(R7) Enable users to compare arguments
The following summarises the contributions to knowledge this work has made in relation to
the research questions. After that, the limitations and future work are discussed.
6.1 Contributions:
To answer the research questions and achieve the balance between overview and read
argument contents, a hybrid tool called AVT that combines StackedBoxes and Sunburst
Pop-Up was developed. This hybrid tool displays one argument chain in the stacked-boxes
and allow users to navigate through the sunburst layout to explore and read more arguments
using the stacked-labels. In pursuit of developing this tool that satisfies the user requirements,
the following techniques and tools were developed.
• The first technique is stacked-boxes. This novel technique passed five design devel-
opment cycles until the final version was achieved. This technique presents the focused
node, parents (upper levels), the first child in each level under the focused node and the
siblings for all the levels as a navigable strip of siblings. It helps users to read textual
datasets, e.g. list of emails and conversation. The navigation through this technique
is fast and easy by using the keyboard or mouse-clicking; users can read and move
quickly between levels, or through sibling nodes.
• The second technique is stacked-labels integrated with a sunburst layout. This novel
technique is a list of labels, i.e. boxes, stacked on top of each other from the root to the
hovered node. The width and height of each box has the dimensions of the wrapped
text.
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Four options for the location of the stacked-labels were proposed (Stacked-Label-1,
Stacked-Label-2, Stacked-Label-3, Stacked-Label-4). After implementing these
four options, it was found that Stacked-Label-2 and Stacked-Label-3 could go out-
side the window border. Also, in Stacked-Label-1, the location of the stacked-labels
is presented far from the hovered node, especially when the node is far from the centre
of the sunburst. Therefore, Stacked-Label-4 was chosen as the stacked-labels list is
always located inside the window.
This technique is inspired by excentric labelling. The labels in stacked-labels are
related to each other with hierarchy relationship. Users can read the text from the
parent until the hovered node, which offers a fast navigation of the text/labels.
• The third technique is the F+C which enlarged all the parents of the focused node,
as well as all the focused node’s children. The whole chain of the focused node is
enlarged, which help users to easily navigate through the text.
To help experts explore how the arguments connect to each other, by displaying the
data overview while maintaining the ability to read the argument contents, three tools were
designed as detailed below.
• The first tool is StackedBoxes which relies on the coordinated view between a sunburst
to provide the structure and novel stacked-boxes for reading and navigation of text, as
shown in Figure 6.1. The sunburst view is rotated to show the argument in the same
direction as in the stacked boxes.
• The second tool is Sunburst Pop-Up which overlays text on demand on a sunburst
visualisation. The sunburst was the main layout in this technique while stacked-labels
was used for reading the text in an integrated view (Figure 6.2).
• The third tool is Icicle F+C which an adaptation of an icicle plot to visualise the
structure while using F+C to enlarge the argument. F+C works when the users click
on any node of the icicle plot. The root node is located at the left-hand side, while
child nodes stretch towards the right. This orientation of the icicle presents the text
horizontally and was chosen as it gives more space for the text (Figure 6.3).
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Figure 6.1 The StackedBoxes, a coordinated view between the stacked-boxes on the left for reading
the text and sunburst on the right for showing the argument structure.
Figure 6.2 The Sunburst Pop-Up, the sunburst is the main layout that shows the structure and stacked-
labels help reading the text.
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Figure 6.3 The Icicle F+C, the icicle plot visualises the argument overview and F+C helps reading
the text.
After applying the three tools (StackedBoxes, Sunburst Pop-Up, Icicle F+C), they were
evaluated in two stages. The first stage was a control user study to compare and evaluate the
tools. The second stage was an expert review.
Control user study: the controlled experiment aimed to explore how efficiently the
participants use the three tools and compare between them. There were three tasks to test:
exploring the overview, reading the text, and checking the logic flow of the argument. The
hypotheses for this study were:
H1: A sunburst layout performs better (time and error) than an icicle plot, as the sunburst is
one of the top performing visualisation layouts.
H2: F+C technique is better than stacked-labels list as the positing of the list of the stacked-
labels is not fixed and only display when the user hover.
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H3: The StackedBoxes performs better than the other tools (Sunburst Pop-Up, Icicle F+C)
as users can read the text carefully and navigate through the sibling nodes, whereas,
they can still show the overall structure of the arguments.
Results showed that there was no significant difference in time between the tools. How-
ever, the time that the participants spent answering the questions in Sunburst Pop-Up was
less than the other tools. Also, Sunburst Pop-Up has better performance than Icicle F+C in
two tasks. There was no difference between the three tools in the third task.
Regarding the subjective rating, results showed that Sunburst Pop-Up list was the most
straightforward tool to navigate and that the participants found the stacked-labels list was
simple for reading text, with some comments about the position of the list. The accuracy
of the Sunburst Pop-Up tool was the highest in all the tasks compared with the other two
tools. Also, the accuracy of the StackedBoxes tool was higher than the Icicle F+C. To
conclude, Sunburst Pop-Up performed better than the other tools and was preferred by the
participants.
Regarding our hypotheses, H1 is accepted as the evaluation results showed that the
sunburst performed better than icicle plot. Also, H2 was rejected as stacked-labels were
shown to be better than the F+C technique. Our evaluation results did not show any evidence
that StackedBoxes was better than the other tools, so H3 can not be accepted or rejected.
Expert feedback: four experts were interviewed to evaluate the three tools from the
argumentation perspective. Interviews with the first two experts showed that they were
in favour of the StackedBoxes tool as it helped to read the text and navigate through the
arguments. After these two interviews, a hybrid tool (main contribution) was developed,
in agreement with the experts, to harness the benefit of having StackedBoxes and Sunburst
Pop-Up in one tool. Then, the other two interviews were conducted with all four tools being
presented. The experts found StackedBoxes useful for reading and navigating through the
text. Also, they acknowledged the benefits of the hybrid tool.
The participants of the control user study found that the Sunburst Pop-Up was fast and
easy for reading the text. Additionally, they claimed more time was needed to get used to the
StackedBoxes. From the experts’ perspective, StackedBoxes and AVT were better than the
other tools for reading the text carefully and understanding it.
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6.2 Limitations
In this thesis, four tools were proposed to help experts to visualise, explore, and understand
arguments. The outcomes are promising but there is still room for improvement that can be
the target of future work.
First, three real datasets from DebateGraph were used to compare and evaluate the
proposed tools. The size of the datasets was around 200 nodes. In future, the tools will be
deployed on larger datasets to check if the size of the data can affect the obtained results.
Second, it will be potentially more effective if the experts test the tools using their own
datasets and tasks to provide feedback about their experience. Third, the evaluation with
experts was crucial for this study. However, the sample size of the experts/analysts was
relatively small due to the difficulty in finding a good number with the limited time available
for this research. Increasing the number of participants can potentially increase the reliability
of the study outcomes.
6.3 Future Work
This research has made considerable progress in answering questions about helping argu-
mentation experts to understand and explore arguments. However, there are still many new
challenges, ideas, and problems to cover as future work. In the following, some future
research directions are outlined.
More text analysis techniques can be applied to help experts when reading and under-
standing the text. For example, further develop the tool to produce a summary of displayed
arguments and highlight the main topics in given datasets. Furthermore, allowing users to
add or delete arguments or restructure the arguments datasets from their perspective will help
them in analysing arguments (one of the argument experts requirement, R11). Involving in-
formation about the participants (R8, R9), who engage in discussion/debate and the relations
between them can shed the light on the nature of the deliberation [170].
The proposed techniques in this thesis have mainly focused on tree argument datasets. To
be inclusive of all argument dataset types, the research can be extended to solve the same
highlighted space problem but for complex network arguments datasets.
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The designed tools can be applied in various domains where the space is problematic to
present the text, e.g. reading maps. The stacked-labels list is a fast technique; it can be used
in navigating and reading labels in compacted graphs without causing an overlap. By using
this technique,
The stacked-boxes can be applied in mobile devices, tablets, or any devices with a limited
screen size as this layout compacts space for text display and provides features for quick
navigation through the text, i.e. navigating news and emails. In addition, incorporating the
touch screen feature in our tools will provide faster and easier navigation between sibling
nodes compared to using a keyboard. Moreover, Icicle F+C tool can also be used in mobile
devices to provide the data overview and allow users to explore and read the text.
Furthermore, the red and green colours, which were used to reflect the oppose and support
relations, are problematic for people who suffer from CVD. The colour has been changed
for a colour blind palette on the final version of our tools. However, the effectiveness of
this approach with arguments are yet to be tested. Therefore, a colour study needs to be
conducted to explore alternative colour schemes that can better reflect the support and oppose
relationships between the arguments while considering colour blindness.
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Appendix A
Ethical Form for Experts Interviews
School of computing       
   
We are investigating the visualisation of large-scale arguments. Our aim is to ensure that 
people can easily comprehend, understand, and work with arguments within a problem 
domain even as the number of participants increases and the amount of data grows bigger. 
 
Please tick all relevant boxes as appropriate: 
 
1. I have read and understand the aim of the research  
2. I voluntarily agree to participate in the research  
3. I understand I can withdraw at any time without giving reasons and that I will not be 
penalised for withdrawing nor will I be questioned on why I have withdrawn 
 
4. I understand that the information provided by me will be held totally anonymously    
5. I agree that the interview being recorded in audio/ video format or other forms of 
data collection 
 
6. 
I agree that the anonymised data is used in research, publications, sharing and 
archiving 
 
7. 
I understand that other researchers on Edinburgh Napier university will have access 
to this anonymised data only if they agree to preserve the confidentiality of the data 
and if they agree to the terms, I have specified in this form 
 
8. I am free to answer or avoid any particular question  
 
Participant:   
 
________________________ ___________________________ ________________ 
Name of Participant  Signature   Date 
 
Researcher: 
 
________________________ ___________________________ ________________ 
Name of Researcher  Signature   Date 
Appendix B
Ethical Form for User Study Interviews
  
Usability study 
 
1- What is your gender?  
 
 
 
2- What is your age? 
 
 
 
 
 
 
 
3- Are you blind colour? 
 
 
 
4- Are you familiar with the use of a computer? 
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Edinburgh Napier University requires that all persons who participate in research studies give 
their written consent to do so. Please read the following and sign it if you agree with what it 
says. 
 
1. I freely and voluntarily consent to be a participant in this research to be conducted by 
Dana Khartabil, who is postgraduate student in the Edinburgh Napier School of 
Computing.  
 
 
2. I have been informed of the broad goal of this research study. I have been told what is 
expected of me and that the study should take no longer than one hour to complete. 
 
3. I have been told that my responses will be anonymised. My name will not be linked 
with the research materials, and I will not be identified or identifiable in any report 
subsequently produced by the researcher.  
 
4. I also understand that if at any time during the interview. If I feel unable or unwilling 
to continue, I am free to leave. That is, my participation in this study is completely 
voluntary, and I may withdraw from it at any time without negative consequences.  
 
5. In addition, should I not wish to answer any particular question or questions, I am free 
to decline. 
 
6. I have been given the opportunity to ask questions regarding the interview and my 
questions have been answered to my satisfaction.   
 
7. I have read and understand the above and consent to participate in this study. My 
signature is not a waiver of any legal rights. Furthermore, I understand that I will be 
able to keep a copy of this consent form for my records. 
 
 
 
Participant’s Name                                                                   Participant’s Signature               
 
------------------------------------                                                     ------------------------------------ 
                                                         
 
Date 
 
------------------------------------ 
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I have explained and defined in detail the research procedure in which the respondent has 
consented to participate. Furthermore, I will retain one copy of the informed consent form for 
my records. 
 
 
Researcher’s Name                                                                   Researcher’s Signature               
 
------------------------------------                                                     ------------------------------------ 
                                                         
 
Date 
 
------------------------------------ 
 
Appendix C
Interview Instruction
1 
 
Instructions 
 
Thank you for agreeing to participate in this study!  
Arguments are the structure of many statements called premises which are offering the 
reasons for a conclusion or a claim. The relations between the premises and conclusion can 
be supporting and opposing. Red denotes a contrast relation while green denotes a support 
one. 
Comparison between three visualisation techniques for argument navigation 
This study is to compare three techniques that help users to navigate and understand large 
set of argumentation text. The first technique is the space-efficient Icicle layout. This layout 
shows an overview of the data and allows the user to read and navigate the text using the 
fish-eye technique. 
The second technique is the Stacked boxes with radial layout. The stacked layout presents the 
nodes as boxes stacked above each other with the sibling of each level is displayed on the side 
of each node.  
The third one is the space-efficient radial layout with a list of labelling which pop-up when the 
user hovers over the layout. The pop-up list reflects the text from the parent node to the 
hovering one.  
 
 
 
 
 
 
Climate Change is a dire 
threat to humanity.
Climate change
affects everyone.
Scientific  consensus tells 
us that the Earth is
changing.
Climate change is 
nature’s way of adapting 
to the modern  world.
2 
 
1- The Icicle with focus and context technique:  
Figure. 1 shows the Icicle layout with fisheye technique.  
Figure. 1.1 Icicle layout 
When you click on any node, the node’s branch from the parent node to the children expands 
to show the text of the branch. The clicked node will occupy more space than the sibling nodes 
as illustrated in Figure 1.2. 
 
Figure. 1.2 Icicle layout with focus and context technique. 
You can search for any word. The search results, i.e., nodes that contain the searched word(s), will 
be recognised by a darker shade of red and green depending on the node type. Please be infomed 
3 
 
that when you look for a specific word like “eat”, all the words that contain this keyword like create 
or treat will appear in the search results.  
There are 7 questions for this layout. To help you answer the questions, you can right-click on the 
node of interest and the number of the node will be transferred immediately to the text box.  
--------------------------------------------------------------------------------------------------------------------------------- 
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2- The stacked boxes with sunburst layout:  
In the second layout, the stacked boxes layout is located on the left side of the interface and the 
sunburst one is on the right as shown in Figure 2.1. The stacked boxes reflect a branch of the argument 
with a large number of children nodes. The data is sorted depending on the largest number of children 
in the branch. The radial shows the overview of the whole dataset. 
Figure. 2.1 Stacked boxes layout with the sunburst layout. 
The boxes reflect the branch from the parent to the last child in that branch. In each level, the sibling 
of each node is placed next to the branch nodes. The size of each sibling reflects the size of the first 
level of the children.   
Figure. 2.2 Stacked boxes with the sibling. 
You can search for any word. The search results, i.e., nodes that contain the searched word(s), will 
be recognised by a darker shade of red and green depending on the node type. Please be infomed 
5 
 
that when you look for a specific word like “eat”, all the words that contain this keyword like create 
or treat will appear in the search results.  
To navigate through the search results, you can use Alt+S.  
There are 7 questions for this layout. To help you answer the questions, you can right-click on the 
node of interest and the number of the node will be transferred immediately to the text box.  
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3- The sunburst layout with the pop-up labels:  
The sunburst layout with the list of pop-up labels is shown in Figure 3.1.  
 
Figure. 3.1 The sunburst layout with the list of labelling. 
When the user hovers over the layout, the list of labelling from the parent to the hovering nodes pop-
up to allow the user to read the text from the parent to the hovering node.  
You can search for any word. The search results, i.e., nodes that contain the searched word(s), will 
be recognised by a darker shade of red and green depending on the node type. Please be infomed 
that when you look for a specific word like “eat”, all the words that contain this keyword like create 
or treat will appear in the search results.  
There are 7 questions for this layout. To help you answer the questions, you can right-click on the 
node of interest and the number of the node will be transferred immediately to the text box.  
 
 
 
 
Thank you again for your participation in this study! 
